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ABSTRACT 
Flounders (Platichthys flesus L. ) were sampled from the 
cooling water intake screens of West Thurrock power 
station, Essex, from September 1987 to October 1990. 
Changes in population structure are determined from age 
and morphometric data. Adult flounders congregate in the 
mid-estuary in late spring, prior to their spawning 
migration. New recruits arrive in the estuary in summer 
and disperse upstream after a few weeks. Dispersal appears 
to involve density-dependant population regulating 
mechanisms. 
Growth appears seasonal to an extent, being reduced 
during winter months. 
The gut contents were analysed and a trophic spectrum 
constructed. P. flesus is an opportunist predator, feeding 
predominantly on crustaceans in the mid estuary and 
molluscs in the outer estuary. There is some evidence of 
resource partitioning between adult and juvenile 
flounders. The significance of changes in the lipid 
reserves of 0-group flounders is discussed. 
The seasonal dynamics of external disease symptoms and 
parasite burden of these fish was evaluated, and related 
to population structure, dietary condition and water 
quality variables. 
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The prevalence of all external disease in flounders from 
Kest Thurrock is closely related to population structure. 
Younger fish generally display lower disease prevalences. 
-Increased prevalence of lymphocystis may be related to 
increases in the prevalence of ulcerations or heavy 
infections by the copepod Lepeophtheirus pectoralis. 
A correlation between the minimum monthly dissolved 
oxygen (D. O. ) level and the condition factor of flounders 
is demonstrated. Fewer epidermal ulcers are observed on 
flounders with a high condition factor. The prevalence of 
epidermal ulcerations, and to an extent lymphocystis, are 
thus indirectly associated with estuarine pollution. The 
use of external disease prevalence as a bioindicator of 
estuarine pollution is considered. 
Live flounders were observed in various lighting regimes 
using time-lapse video techniques to determine the nature 
and extent of intrinsic rhythmic behaviour. Observations 
were made on the behaviour modifying effects of 
contaminated sediments and hypoxic conditions. The 
findings are discussed in relation to the ecology of the 
flounder in the Thames estuary. 
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CHAPTER 1. INTRODUCTION 
1.1 ENVIRONMENTAL MONITORING. 
1.1.1 BACKGROUND. 
Growing concern regarding pollution of the environment 
has prompted investigations into the use of biological 
indicators to assess anthropogenic impact. Biotic indices 
such as species diversity and biomass-size spectra have 
been used extensively as indicators of environmental 
perturbation (Pearson & Rosenberg 1978, Overstreet 1988, 
Schwinghammer 1988, Warwick 1988). 
In the last decade several authors have turned to fish 
disease prevalence as a potential tool (Dethlefsen 1980, 
Vethaak 1985, Mix 1985, Addison & Payne 1986, Kranz & 
Gercken 1987, Stegeman at al. 1988, Pereira 1988). 
Records of fish disease in Europe exist from as long ago 
as the sixteenth century when Konrad Gesner first recorded 
"fish pox". However, the short-term nature of much of the 
available data leads to difficulties in interpretation. As 
a result, the precise significance of fish diseases in 
many areas is still uncertain (e. g. Carlson, 1986). This 
has prompted the International Council for the Exploration 
of the Sea (ICES) to recommend that studies of this nature 
be continued for at least five years when possible. 
In addition, most of the studies relating chemical 
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contaminants to pathological changes are laboratory based, 
limiting their direct relevance (Schmidt-Nielsen et al. 
1977, Gould 1977, Kocan & Landolt 1984, Rhodes et al. 
1985, Drummond et a1.1986, Stein et al. 1987, Spies & 
Rice 1988, Van Veld et al. 1988). 
1.1.2 THE PRESENT STUDY. 
In this study the relationships of dietary condition, 
metazoan parasite burden and some natural environmental 
variables to observed disease prevalences of Platichthys 
flesus L. in the Thames estuary were studied. The 
potential behaviour modifying effects of contaminated 
natural sediments were also investigated. 
A wide range of pollutants have been shown to induce 
behavioural changes in teleosts. Ellgaard et al. (1977) 
demonstrated that DDT can cause hyperactivity in the 
sunfish Lepomis macrochirus Rafinesque. Bengtsson and 
Larson (1981) showed the same effect with P. flesus as the 
test species. Crude oil, insecticides and copper have all 
been found to posess behaviour modifying properties on 
L. macrochirus (Ellgaard et a1.1979a, 1979b, Ellgaard & 
Guillot 1988). 
Despite scant evidence of direct cause and effect 
relationships, pollution certainly plays a role in 
stressing fish that may then be more susceptible to 
11 
infection. Möller (1985) points out that most lesions are 
suspected or proven to be caused by parasite's - be they 
viruses, bacteria, helminthes or arthropods. These 
parasites are in many instances widespread and relatively 
harmless to unstressed fish in a hospitable environment. 
The change from this stable state to one where the 
parasite becomes a pathogen is influenced by two groups of 
parameters; stock-specific parameters and environmental 
changes. The former category includes such factors as 
inherent immunocompetence and metabolic fitness, while the 
latter encompasses both acute and chronic changes-of 
natural or artificial origin. These can act by reducing 
host resistance and/or increasing pathogen numbers (direct 
modes) as well as by changing the number of prey organisms 
and competing predators (indirect modes). Consequently, 
any study of disease prevalence in fish must consider the 
dynamics of the particular fish population in question and 
also of the physical environment. 
1.2 THE NATURAL HISTORY OF Platichthys flesus L. 
The flounder is one of the most common of the European 
Pleuronectidae. It favours areas of reduced salinity and 
is found in estuaries throughout Northern Europe, as well 
as the Baltic Sea. It is the only European flatfish to 
penetrate into freshwater systems. Subspecies exist in the 
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Adriatic and Mediterranean Seas (P. flesus italicus, 
Günther)*as well as the Black Sea (P. flesus luscus, Pallas 
). It is of limited commercial value in the U. K. though it 
was commonly eaten in the past. It was listed by 
Cunningham (1896) among the marketable marine fish of the 
British Isles. An important fishery for this species still 
exists in the Baltic where the Danish annual catch 
approaches 10,000 tonnes. In recent years it has been used 
in some salmonid enclosures as a method of reducing 
eutrophication by consuming surplus food (Holm & Thorsen 
1982), though this is not a particularly common practice. 
Distinguishing features are as follows: 52-67 dorsal fin 
rays; 35-46 anal fin rays; 36 vertebrae. A single series 
of spiny tubercles is present along the base of the dorsal 
and anal fins, and also around the anterior end of the 
lateral line (Wheeler 1969, Nielsen 1987). Cunningham 
(1896) gives the number of dorsal and anal rays as 60-62 
and 39-45 respectively. 
The flounder is known to hybridise readily with the 
plaice (Pleuronectes platessa L. ). Up to 15% of the Baltic 
flounder population consists of what are locally termed 
"blendlings" (Riley pers. com. ). These hybrids display 
intermediate characteristics, having a higher number of 
fin rays and vertebrae than usual (Norman 1934, Wheeler 
1969, Nielsen 1987). This readiness of the two species to 
hybridise has caused some authors to consider returning 
the flounder to the genus Pleuronectes (Riley & Thacker 
13 
1969). 
An annual migration of P. flesus occurs during a 
relatively short spawning period (Hartley 1947, Wheeler 
1969 see fig. 1.1). In spring, adults migrate offshore to 
the 27-54 m line (15-30 fa. ) where spawning occurs. The 
eggs drift for about a week, sinking slowly. Metamorphosis 
of the larvae occurs at a length of 15-30 mm, and the 
young fish enter the estuary in early summer. 
In some rivers an age-dependent distribution of this 
species is observed. In the Scheldt, older fish are 
usually found in the lower estuary while newer recruits to 
the population disperse upstream (Vethaak pers. com. ). 
However, in the Tamar, adults have been observed to return 
to the same stretch of estuary every year regardless of 
age (Dando pers. com. ). Whichever is the more 
representative pattern, pathogen and contaminant burdens 
observed in these fish are likely to have originated near 
the point of capture. In instances where urban waterways 
are being studied this is often in close proximity to the 
major source(s) of pollution. P. flesus has been adopted as 
the ICES standard fish species for biomonitoring in 
inshore areas as a result. 
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Fig, 11 MAJOR EVENTS IN THE 
LIFECYCLE OF FLOUNDERS 
1, March - April: Adults migrate offshore, 
2. Spawning. 
3. Adults return to estuary, 
4. Eggs drift, sinking slowly. 
5. April - June: Metamorphosis. 
6. June - August: Juveniles enter estuary and 
disperse, 
Dm 
ý'ý 2 
ýýý- _ ... 
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1.3 THE THAMES ESTUARY. 
1.3.1 HISTORY 
In common with all major urban waterways, the River 
Thames has undergone major changes and general 
deterioration in quality. The river has served variously 
as a highway, a fishery, a drinking supply and a sewer. 
The input of domestic and industrial effluents has 
critically changed the character of the tideway. 
A decline in water quality was evident in the nineteenth 
century. With the expansion of London, increasing 
quantities of domestic sewage were discharged directly 
into the river. The large organic input gave rise to an 
anoxic zone that shifted with the ebb and flood of the 
tide (Wood 1982). The effect on the biota was severe. 
Yarrell (1836) observed that smelt (Oamerus eperlanus L. ), 
once common, were becoming scarce: 
"Formerly, the Thames from Wandsworth to Putney 
Bridge, and thence upwards to the situation of 
the present suspension bridge at Hammersmith, 
produced an abundance of smelts, and from thirty 
to forty boats might be seen working together; 
but very few are now to be taken, the state of 
the water, it is believed, preventing the fish 
from advancing so high up". 
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A similar situation existed with regard to salmon (Salmo 
solar L. ). Yarrell noted that a record 21 lb (9.5 kg) fish 
was caught by an angler in October 1812 at Shepperton 
Deeps, but the last salmon prior to the species' re- 
introduction this century was taken in June 1833. Eighteen 
fifty eight was "the year of the Great Stink", when the 
hypoxic zone had reached upstream as far as Westminster; 
London's fisheries had disappeared and the Thames remained 
largely devoid of fish until well into the next century. 
The deterioration of the river also meant contamination of 
potable water supplies; between 1831 and 1871 London 
experienced five cholera epidemics. 
By the 1950's a stretch of the river through London 
approximately 20 miles (32 km) long was anoxic in dry 
weather (Clark, 1989). In 1964 the only species recovered 
from the cooling water intake screens of West Thurrock 
power station were the eel Anguilla anguilla L., the 
lampern Lampetra fluviatilis L. and the tadpole fish 
Ranicepa ranlnum L. (Wood 1982). With the reduction of 
untreated effluent brought about by the improvement of 
Beckton and Crossness sewage treatment works, the number 
of fish species in the tideway began to rise. Between 1974 
and 1982, a cumulative total of 106 species had been 
recorded (Andrews and Wheeler, 1985). 
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1.3.2 CURRENT STATUS 
1.3.2.1 HYPOXIA 
Hypoxia in certain reaches of the estuary is still a 
recurring phenomenon, especially in dry weather when river 
flow is reduced. This can be exacerbated by large organic 
inputs from storm drains, surface runoff and increased 
flows from sewage treatment works. According to LLoyd & 
Whiteland (1988), in terms of polluted discharge this can 
result in a threefold increase in daily Effective Oxygen 
Load (EOL). The severity of the oxygen sag is related to 
factors such as rainfall intensity, upland flow, 
temperature and tides. Fig. 1.2 shows the variation of 
ammoniacal nitrogen, dissolved oxygen and B. O. D. in the 
mid-estuary during 1988. The close relationship of NH3-N 
to B. O. D. is apparent. 
In an attempt to alleviate this situation, the National 
Rivers Authority (formerly the Thames Water Authority) 
uses a bubbler barge that pumps oxygen directly into the 
water (Lloyd & Whiteland 1988). A prototype vessel was 
acquired in 1979, but this proved inadequate and in 1986 a 
second vessel was commissioned. 
Both bubblers operate on the principle of Pressure 
Swing Absorption. Atmospheric air is passed through a 
river water cooled heat exchanger and condensed moisture 
removed. The pressurised air is then passed over a zeolite 
18 
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molecular sieve where preferential absorbtion of nitrogen 
occurs, resulting in a product gas of 93% oxygen. This is 
injected into a high pressure stream of river water pumped 
through an aperture in the bow of the vessel and returned 
to the river below the waterline. Excess nitrogen is drawn 
off by vacuum and vented to the atmosphere. This 
approach to acute hypoxia events in the tideway has proven 
moderately successful (Lloyd & Whiteland 1988). 
1.3.2.2 CHEMICAL CONTAMINANTS 
Current pollution problems in the Thames are not only 
associated with organic enrichment, but also with 
xenobiotics and heavy metals from industrial discharges. 
Approximately 5x 109 kg. yr-1 of sewage sludge have been 
dumped in the Thames Estuary in the vicinity of Barrow 
Deep this century (Clark 1989). Furthermore, despite the 
recent decision of North Sea states to end sludge dumping, 
the U. K. will continue until 1998 (Lijklema 1990). A plume 
of contaminated water is discharged from the Thames into 
the North Sea, affecting a wide area as it is carried 
Northwest to impact on the coast of Denmark (fig. 1.3). 
Due to the geographic and hydrographic conditions, a 
large proportion of sludge dumped at the Barrow Deep is 
returned up the estuary on the flooding tide. The 
residence time of pollutants in the estuary is thereby 
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Fig. 1.3. A MODEL SHOWING THE DISTRIBUTION PLUME OF A UNIT 
LOAD FROM THE THAMES ESTUARY. 
This map is generated by an IBM-PC computer model 
designed by Delft Hydraulics, Netherlands. The dispersion 
patterns of eleven North Sea estuaries and the transport 
characteristics of the North Atlantic Ocean and English 
Channel are combined to calculate the concentrations of 
pollutants arising from a specified estuary. 
The units in this example are arbitrary. 
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increased. Many of the components of the pollution load 
are non-conservative in their behaviour, thus not all 
pollutants found in the Thames show the same distribution. 
The highest recorded concentrations tend to coincide with 
the region of highest suspended load, leading to 
difficulties in distinguishing direct pollutant effects 
(Morris 1988). 
Contaminant concentrations generally increase seaward 
upstream of the estuarine mixing zone, reaching a maximum 
near London Bridge. Levels then decrease seawards, with 
some irregularities introduced through major inputs such 
as the Heckton and Crossness sewage treatment works. 
Recent data concerning specific pollutants in Thames 
estuarine water and sediments is scarce. Tables 1.1 and 
1.2 summarise the most recent data available from several 
sources including an NRA automatic quality monitoring 
station (AQMS) near West Thurrock (Thames zone 20). 
Rickard & Dully (1983) measured concentrations of metals 
and chlorinated hydrocarbons in several fish species from 
the Thames estuary and concluded that levels of persistent 
contaminants were low in comparison to other 
industrialised estuaries. 
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TABLE 1.1 CONCENTRATIONS OF HEAVY METALS IN WATER 
FROM THE THAMES ESTUARY 
METAL CONCENTRATION (ug/1) 
MEAN S. D. 
SOURCE 
AS 3.0 - NRA AQMS 
Cd 0.6 0.7 NRA AQMS 
0.637 - OSLO COMMISSION 
2.8 MORRIS (1988) 
Cr 0.3 0.4 NRA AQMS 
Cu 0.8 0.9 NRA AQMS 
29 - MORRIS (1988) 
Hg 0.066 0.0 NRA AQMS 
0.9 MORRIS (1988) 
NI 0.7 0 NRA AQMS 
41 - MORRIS (1988) 
Pb 1.4 1.8 NRA AQMS 
28 - MORRIS (1988) 
Zn 3.2 1.3 NRA AQMS 
80 - MORRIS (1988) 
TABLE 1.2 XENOBIOTICS IN THE THAMES ESTUARY. 
CHEMICAL CONCENTRATION (ng/I) 
aBHC 1.4 
ßBHC 2.8 
ALDRIN 1.3 
DIELDRIN 2 
DDT 2.4 
POB 8.6 
After Morris (1988) 
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2. MATERIALS MID METHODS. 
2.1. SAMPLE COLLECTION 
- Flounders (Platichthys flesus L. ) were collected at 
approximately monthly intervals between September 1987 and 
October 1990 from the cooling water intake screens of West 
Thurrock power station (OS grid reference 592771, see fig. 
2.1). The exhausted superheated steam from the generator 
turbines is recondensed by a system of 2.5 cm cooling 
pipes. Consequently, large volumes of solid-free water are 
required. Estuarine water is pumped from the river into 
anti-surge pools by six pumps individually rated at 7580 
1/s where rotating metal band screens of approximately 
lcm2 mesh trap larger solid particles before they enter 
the cooling water system (plate Ia). Sills on the screens 
lift the solids out of the pools whereupon they are washed 
off the screens into a channel leading to a holding pool 
(plate Ib). A culvert drains this pool, returning trapped 
animals to the river. Samples for this study were 
collected by placing nets of lcm2 mesh in the screen 
backwash channels (fig. 2.2). The nets were inspected 
regularly and emptied into sorting trays when full. All 
the specimens of P. flesus were removed and frozen on 
return to the laboratory. Live flounders of approximately 
15 cm total length were also collected from the holding 
pool and used for behavioural studies. Salinity was 
24 
Fig 2.1 THE STUDY AREA. 
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Fig. 2.1. THE STUDY AREA. 
The inset map shows the Thames estuary in detail. 
KEY: 
1. London bridge. 
2. Heckton sewage treatment works. 
3. Crossness sewage treatment works. 
4. West Thurrock power station. 
5. St. Clement's Reach. 
6. Tilbury. 
7. Leigh-on-Sea. 
S. The Medway estuary. 
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PLATE Ia. 
PLATE Ib. 
y 
2i 
PLATE Ia. 
SIX SCREENS AT WEST THURROCK. 
PLATE Ib. 
THE HOLDING POOL. 
The blue structures in the background are the cooling 
water (CW) pumps. 
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Fig. 2.2. DIAGRAM OF A COOLING WATER INTAKE SCREEN AT WEST 
THURROCK POWER STATION. 
1. Water intake. 
2. Anti-surge pool. 
3. Rotating screen. 
4. Cooling water pump. 
5. Cooling water pumped to generators. 
6. Backwash water drawn off. 
7. Screens washed into trough. 
8. Net. 
9. Holding pool. 
10. Water returned to river. 
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measured on site using an Atago S-10 hand held 
refractometer; water temperature was also recorded. 
Samples were collected over a period of four hours on a 
rising tide to minimise the effect of the warm cooling 
water outfall upstream. 
2.1.1. VERIFICATION OF THE SAMPLING REGIME. 
Huddart (1971) has suggested that the precise 
positioning of the intake within the estuary affects the 
numbers, species and perhaps the condition of the fish 
that impinge on the screens of power stations. The rate of 
flow of the cooling water is an obviously important 
factor, as stronger (and therefore larger or healthier) 
individuals are better able to escape. The diameter of the 
intake at West Thurrock is 4.22 m, resulting in a flow 
rate of 3.14 ms-1. As adult salmon (Saimo salar L. ) have 
been caught at this site, it is not considered that larger 
specimens of Platichthys flesus are under-represented in 
the samples obtained. Temperature is also important in 
that it affects the degree of locomotory activity. 
However, two contradictory viewpoints exist concerning the 
significance of this factor. On the one hand, more active 
fish might escape more easily from the intake stream. This 
would result in artificially low sample sizes at higher 
temperatures, or larger numbers of smaller fish. 
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Alternatively, less active fish (especially bottom 
dwellers) might rest on or in the sediment and not be 
present in the water column. This would lead to the 
opposite effect of reduced samples at lower temperature. 
None of the data obtained in this study supports either of 
these viewpoints. 
In order to examine more closely the sampling 
characteristic of the cooling water intake, simultaneous 
power station screen collections and mid-river beam trawls 
were carried out in April 1989 at West Thurrock and St. 
Clement's reach (see fig. 2.1). The compositions of the 
resultant samples were compared to assess the selectivity 
of the two methods of capture. (see section 3.2). 
2.2. SAMPLE TREATMENT 
Individuals were measured (total length and maximum body 
width in cm) and weighed (fresh weight in g). From this 
data Fulton's condition factor (K) was calculated 
according to the formula: 
1.,. K= Wet Weight (q) x 100 
Length (cm)3 
Fish were aged from their otoliths. They were then 
examined for external disease symptoms, the location and 
relative severity of which were noted. 
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2.2.1. DIAGNOSIS OF EXTERNAL DISEASE SYMPTOMS 
Some of the controversy regarding the possible 
relationship of fish disease to pollution is a result of 
shortcomings in the methodology of disease surveys (Klontz 
1985). Several attempts have been made to standardise 
these procedures (e. g. Bucke et al. 1983b) resulting in 
the formulation of guidelines by Dethlefsen et al. in 1986 
on behalf of ICES (International Council for the 
Exploration of the Sea). 
Lymphocystis is one of the most common diseases of 
marine fish. The disease appears as single nodules or 
clusters of enlarged cells (plates IIa & IIb). These 
pseudotumours are scattered over the body surface and 
fins. Severe cases are characterised as those instances 
where the pseudotumour is larger than 10mm and/or more 
than 10% of the body surface is affected. Care must be 
exercised in order to avoid confusion with trematode 
metacercariae or protozoan infestations. 
The standardised diagnosis of fin rot is more 
complicated. It is distingushable from fresh mechanical 
damage by the lesser degree of haemorrhaging. However, 
older wounds that have secondary infections are less 
easily distingushed (plates IIIa & IIIb). Furthermore 
interspecific comparisons are not meaningful and ICES 
guidelines suggest that they should be avoided. Even 
within a single species it is difficult to assess the 
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PLATE IIa. 
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PLATE IIb. 
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PLATE Na. 
A LYMPHOCYSTIC PSEUDOTUMOR. 
This is one of two forms of lymphocystis disease observed 
in flounders from West Thurrock. In this instance, the 
hypertrophic cells form discrete growths. 
PLATE IIb. 
A FLOUNDER WITH SEVERE LYMPHOCYSTIS. 
This fish displays the second form of the disease, with 
smaller growths scattered over the body margin and fins 
(reddish areas). 
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PLATE IIIa. 
PLATE IIIb. 
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PLATE IIIa. 
AN INFECTED WOUND RESEMBLING FIN ROT. 
In this specimen, the fin rays are either undamaged or 
sharply broken, suggesting a mechanichal trauma was the 
origin of this wound. Secondary infection has eroded the 
fin membrane and invaded the muscle to give the 
superficial appearance of bacterial disease. 
PLATE IIIb. 
A YOUNG FLOUNDER WITH SEVERE DORSAL FIN ROT. 
This specimen displays "true" fin-rot. The fin rays have 
been smoothly eroded and the margins of the fin membrane 
show a characteristic pink coloration. 
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TABLE 2.1a. THE ICES OBJECTIVE ASSESSMENT OF FIN ROT. 
DORSAL AND VENTRAL FINS 
DEGREE 11 RAY AFFECTED 
DEGREE 2 2-5 RAYS AFFECTED 
DEGREE 3 5-10 RAYS AFFECTED 
DEGREE 4 >10 RAYS OR 20-99% OF RAYS AFFECTED 
DEGREE 5 ALL RAYS AFFECTED 
CAUDAL FIN 
DEGREE 11 RAY AFFECTED 
DEGREE 22 RAYS AFFECTED 
DEGREE 3 25-49% OF RAYS AFFECTED 
DEGREE 4 50-99% OF RAYS AFFECTED 
DEGREE 5 ALL RAYS AFFECTED 
(After Buck* et al. 1983b) 
TABLE 2. lb. MODIFIED ASSESSMENT OF FIN ROT 
SLIGHT <10% OF FIN AREA AFFECTED 
MODERATE 10-50% OF FIN AREA AFFECTED 
HEAVY >50% OF FIN AREA AFFECTED 
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PLATE IVa. 
_IN 
PLATE IVb. 
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PLATE IVa. 
A FLOUNDER WITH AN ACUTE ULCERIVE LESION. 
The acute ulcer immediately behind the opercum is clearly 
visible. The pink area below the lateral line in the 
middle of the body is probably a pre-ulcerative condition 
(Dethlefsen pers. com. ). 
PLATE IVb. 
FLOUNDER WITH ACUTE ULCERS AND ABRASIONS. 
The two heamorrhages above the pectoral fin are acute 
ulcers. The heamorrhage on the maxilla is due to 
mechanical abrasion, probably arising from impingement on 
the screens. 
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relative significance of fin erosion affecting different 
fins (Bucks et al. 1983b). Consequently, the complex 
assessment methodology adopted by ICES was modified for 
the purposes of this study to include only three degrees 
of intensity - "light", "moderate" and "heavy" (table 
2.1). 
Ulcerations and epidermal lesions have been reported 
from a wide variety of marine fishes in European waters 
(Perkins et al. 1972, Newell et al. 1979, Köhler & Hölzel 
1980, Dethiefsen 1980,1984, Bucks et al. 1983a, b, c, 
Möller 1983,1984, Dethlefsen et al. 1987,1988, Johnston 
& Feil 1987,1988). The standard methodology demands that 
only the acute stage should be recorded, which increases 
the degree of objectivity as not all ulcers heal at equal 
rates or leave visible marks when healed. The open ulcers 
are described according to their size and location (plate 
IVa & IVb). 
Skeletal deformities divide into two categories- 
cephalic and spinal. The former category includes 
compression of the skull and deformations of the jaws or 
opercula. Spinal deformities are either lordosis (dorso- 
ventral curvature), scoliosis (lateral curvature) or 
compression. These symptoms are merely graded as "present" 
or "severe". Past attempts to devise a more objective 
system have been unsuccessful (Dethlefsen et al. 1986). 
The use of standardised diagnostic methods reduces the 
inherent subjectivity of disease surveys and allows valid 
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comparisons to be made with data obtained by other workers 
in the field. 
2-2.2. ANALYSES OF GUT CONTENTS AND PARASITES 
Two subsamples of thirty individuals (when available) 
were removed for further analyses. 
In the first subsample the gut was removed, fixed in a 
4% formaldehyde solution and the contents examined. The 
nature and quantity of food types was determined. A 
distinction was made between the foregut (buccal cavity, 
oesophagus and stomach) and the hindgut (the intestinal 
tract posterior to the pyloric sphincter, including the 
rectum). Quantitative analyses were performed only on the 
contents of the foregut, in order that no bias be 
introduced towards indigestible food types. The number of 
guts containing a specific food type and the number of 
guts where the same type was dominant was calculated for 
each sample. Using this data, trophic spectra were 
constructed. 
Any metazoan parasites found in either the foregut or 
hindgut were prepared for light microscopy. Acanthocephala 
were mounted in polyvinyl lactophenol (PVL), Nematodes 
were cleared in Platt's solution and mounted in glycerol, 
while Digenea were stained with alum carmine, cleared in 
20% HC1 and counterstained with light green. The relative 
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abundance of copeopod ectoparasites on the body surface, 
fins, gills and branchial chamber was also recorded. These 
were mounted in PVL containing lignin red to lightly stain 
the specimens. 
-Identification of fish parasites was according to the 
following sources: Kabata (1979) for copepoda; Yamaguti 
(1963) and Möller ä Anders (1986) for acanthocephala; 
Yamaguti (1961), Berland (1970), Hartwich (1974), Anderson 
et al. (1974) and Chabaud (1978) for nematodes; Yamaguti 
(1958) and Dawes (1968) for digenea. 
The second subsample of flounder, containing only 
juvenile individuals, was used for the determination of 
total lipid content using a method unsuitable for large 
fish. The individual fish were placed in a drying oven 
until a constant weight had been achieved. This was 
recorded, and the fish then macerated in a 2: 1 chloroform 
and methanol mixture. This was filtered through Whatman 
hardened ashless paper, and the liquid evaporated in 
preweighed tubes under a nitrogen stream. The proportion 
of lipid (dry weight) was calculated as follows: 
2... L 
where L is the percentage 
F is 
I is 
and W is 
F=I) 
w 
lip 
the 
the 
the 
x 100 
id content, 
final weight (g) of the tube, 
initial weight (g) of the tube, 
dry weight (g) of the fish. 
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This method is modified from that used by Folch et al. 
(1957) for the determination of total lipid content of 
animal tissues. 
2.3. THE BEHAVIOURAL EXPERIMENTS. 
Details of the collection of live samples and the 
methodology of the behavioural studies are given in 
section 7. 
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3. POPULATION STRUCTURE AND DYNAMICS. 
3.1. INTRODUCTION. 
Knowledge of population dynamics is fundamental to the 
understanding the biology of any species and its 
ecosystem. Interpretation of observations on size related 
variables (such as disease prevalence or parasite 
infestation) depends upon accurate data concerning 
population structure. In fisheries, particularly, 
population studies are of prime importance in stock 
assessment and scientific management. 
3.2. SAMPLE VERIFICATION. 
Several criticisms have been made of the practice of 
sampling fish from power station screens (see section 
2.1.1), despite this method being commonly employed (e. g. 
Henderson 1989). To establish the validity of this 
sampling method, samples from the screens at West Thurrock 
were compared with those obtained from a beam trawl using 
a 2.5cm (1") diamond mesh net. The trawl was conducted at 
St. Clement's reach by West Thurrock power station. The 
differences between the samples obtained are summarised in 
table 3.1. 
The most striking difference between the two samples is 
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the number of fish caught per hour. From the screens, 
34.75 individuals per hour were retrieved, while 71.4 
individuals per hour were caught with the beam trawl. The 
vessel used in this study, FV Ina K, employed two nets 
with a combined opening of 3m2, towed at approximately 
9kmh-1 (5 knots). Thus, the volume of water sampled by the 
trawler is 7500 1s-1, almost equivalent to one power 
station cooling pump. Four pumps were in operation at West 
Thurrock on this occasion, indicating that trawling 
retriares eight times as many fish per litre of water than 
the intake screens do, or that flounders are more abundant 
in mid stream. 
More importantly, the size-frequency structure of the 
samples differed noticeably (figs. 3.1 & 3.2). The trawled 
sample contained a higher proportion of large (and 
presumaply old) and middle sized (10 to 20 cm) fish; 7.6% 
of the flounders from the trawled samples were over 25 cm 
long, compared to 2.1% of the flounders retrieved from the 
screens. The power station sample contained a higher 
proportion of 20 to 25 cm individuals, though the reason 
for this is unclear. 
These differences may be due to either smaller fish 
being less able to escape the intake of the power station 
or to a preference of the largest fish for deeper water, 
resulting in a distribution gradient accross the width of 
the river. 
In the context of biomonitoring, this can lead to 
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Fig 3.1. SIZE-FREQUENCY DISTRIBUTION 
OF P. flesus FROM TRAWL & SCREEN SAMPLES 
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Fig 3.2. RELATIVE SIZE COMPOSITION OF 
TRAWL & SCREEN SAMPLES OF FLOUNDER 
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difficulties in the interpretation of data. An example of 
this is the determination of disease prevalence. It is 
well known that the prevalence of many external diseases 
of P. flesus increases with the age and size of the fish. 
The disease prevalence of the trawled sample was 19.7% and 
that of the screen sample 15.1% . The difference was 
mostly due to a high prevalence of fin rot in flounders 
from the trawl. The prevalence of fin rot in this sample 
was 13.1% as opposed to 2.2% of the fish from the screen 
sample. It can be argued that the higher total disease 
prevalence in the trawled sample is an artefact of the 
larger mean size of the fish. Similarly, the disease 
prevalence of the power station sample could also be 
artificially low. 
Small 0-group fish, though not particularly abundant in 
the screen sample, were entirely absent from the trawl. 
This is probably due to small individuals escaping through 
the mesh of the nets. The width of a 5cm flounder is 
typically 2cm, while the diagonal dimension of stretched 
2.5cm diamond mesh is just under 5cm. This allows small 
flatfish to pass through even though roundfish may be 
trapped. This phenomenon is particularly important, as it 
implies that data concerning new recruits and juveniles 
resident in the nursery areas can be less effectively 
obtained from trawled samples, unless a small mesh net is 
used specifically for this purpose. The slow towing speed 
required for such nets often results in larger and 
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stronger individuals escaping altogether. 
Comparisons of the differences between samples collected 
using these two methods does not, however, shed light upon 
which method gives a more accurate picture of the actual 
population structure of P. flesus in the Thames estuary. 
The presence of large fish in the screen sample indicates 
that large fish do not necessarily escape from power 
station intakes. When considered alongside the inability 
of trawls to capture small fish, it appears that sampling 
from power station screens is a more suitable method for 
biomonitoring and long term population studies. 
On a more practical note, screen sampling is also easier 
and less costly. Power station intakes operate regardless 
of weather conditions and samples can be collected at low 
tide or at night if required, which is often prohibitively 
hazardous when trawling. 
3.3. THE P. flesus POPULATION AT WEST THURROCK. 
3.3.1. POPULATION DYNAMICS. 
The changes in the size-frequency distribution of 
flounders from West Thurrock are shown in figs. 3.3 & 3.4. 
(full data is given in appendix 1). A striking 
characteristic of this population is the high degree of 
complexity of its dynamics. Many of the events recorded in 
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Fig. 3.3. POPULATION DYNAMICS OF FLOUNDERS FROM WEST THURROCK, 
1986-1990. 
This 3-D plot is achieved by kriging, a regional variable 
theory technique that produces more accurate contours than the 
commonly used inverse distance technique. The resultant grid of 
monthly data is then smoothed with a cubic spline algorithm. 
However, this method can distort the maxima and minima of the 
data set. As a result, values on the z-axis (% Population) may 
be inaccurate. The principal strength of this type of graphical 
representation is the ease by which relative prevalences may be 
compared and the clear depiction of transient events. 
The labels on the x-axis (Time) correspond to the months 
October, February, and June. 
The labels on the y-axis are the median lengths of subsequent 
5cm size classes to the nearest cm. 
The z-axis represents the proportion of the population that 
each size-class comprises. 
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Fig. 3.4. POPULATION DYNAMICS OF FLOUNDERS CAUGHT AT WEST 
THURROCK, 1987-1990. 
The data grid for this contour diagram is produced by 
kriging. No cubic spline is applied to the data, resulting in 
more accurate real values. Lines are plotted at 8% intervals. 
The labels on the x-axis (Time) correspond to the months 
October, January, April and July. 
The labels on the y-axis are the median lengths of subsequent 
5cm size classes. 
The coloured areas indicate peaks exceeding 48% of the 
population. 
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the three dimensional plot are highly transient in nature, 
such as the arrival of new recruits in summer months prior 
to their dispersal upstream. Fig. 3.4 shows that 
recruitment of post-metamorphosed juveniles was 
significantly higher in 1988 and 1990 than in other years. 
The strong 5-10 cm class of 1988 reappears as a strong 15- 
20 cm class in 1989. 
The congregation of adults prior to their spawning 
migration is also discernible, usually about three months 
prior to the appearance of the new recruits. 
To estimate the changes in population size, a correction 
factor was applied to the samples to calculate a value of 
catch per hour as follows: 
1... C= 
[Nx] 
+t 
p 
where C is the catch per hour, 
N is the number fish in the sample, 
p is the number of water pumps operating. 
and t is the sampling time in hours. 
Using this formula, the relative changes in population 
size can be plotted (fig. 3.5). The number of fish caught 
is highest in spring (particularly 1988), coinciding with 
the congregation of adults in the estuary. This is in 
contrast to other flatfish species that use the Thames 
estuary as a nursery, such as the sole Soles soles L. Feil 
(1989) suggests that immigration of this species into the 
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inner Thames nursery takes place between August and 
October, with the maximum population density occurring in 
December. Cyrus & Blaber (1987) stated that juveniles of 
several flatfish species seek out warm, turbid water and 
thus often enter estuaries without seeking out estuaries 
per se. This is more likely be true of sole than flounder, 
which prefer lower salinities (Riley et al. 1981). 
Peak flounder population densities are followed by 
reductions in the mean age of the population due to 
recruitment taking place in summer. The strong 0-group 
classes of 1988 and 1990 resulted in a more pronounced 
fall in mean age in these two years (fig. 3.5). 
The complex dynamics of this population highlights the 
necessity of frequent, long term sampling in studies of 
this kind. Fig 3.6 shows the same data as fig. 3.3 at half 
resolution. Many of the peaks previously observed are now 
absent or distorted, leading to an inaccurate record of 
the flounder population. This clearly demonstrates some of 
the disadvantages of low resolution data from infrequent 
samples. 
3.3.2. GROWTH OF FLOUNDERS AT WEST THURROCK. 
Fish growth has been related to environmental factors by 
numerous authors (Boisclair & Leggett 1989a, 1989b, 1989c, 
Feil 1989, Peterman & Bradford 1987, Buckley 1982, Pitcher 
& Hart 1982). Biological processes that require 
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Fig. 3.6. POPULATION DYNAMICS OF FLOUNDERS CAUGHT AT WEST 
THURROCK, 1987-1990 (HALF RESOLUTION). 
Details as for fig. 3.3. 
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considerable energy expenditure (e. g. spawning) can lead 
to temporary decreases in growth. This results in 
fluctuations in growth rate that may or may not be 
seasonal. In estuaries, the high winter temperatures 
relative to the open sea can lead to more continuous 
growth and ill defined cyclic patterns. Estuaries often 
support a large biomass of food species which may also 
allow fish to grow more quickly. Fiel (1989) observed that 
juvenile Solea soled grew faster and reached a larger size 
at west Thurrock than on the South Kent coast, which he 
attributed to higher temperatures in the Thames. 
The most frequently used growth model is the von 
Bertalanffy equation, which assumes that fish grow towards 
a theoretical maximum length (achieved at an infinite age) 
at an ever decreasing rate as follows: 
2... It - L. (1 - exp (-k (t - to))) 
where lt is the length at time t, 
L. is the asymptotic maximum 
length, 
and -k is a rate constant. 
Fig. 3.7 shows the growth of four cohorts of P. flesus 
from West Thurrock expressed as monthly mean length 
increase. The trends observed indicate a fluctuating 
growth rate, thus rendering the von Bertalanffy model 
unsuitable. Feil attempted to apply this model to the 
growth of Solea solea at West Thurrock, and found that the 
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parameters -k and L. could not be calculated due to the 
growth rate increasing with time. Another drawback of the 
von Bertalanffy equation is that it de-emphasises the 
importance of reproductive growth (Rothschild 1986). 
A decrease in the mean length of individual cohorts was 
regularly observed in winter months, most markedly in fish 
recruited the previous summer. This effect was most 
apparent in the strong 1988 cohort, which may indicate the 
action of a density dependent population regulating 
mechanism (fig. 3.7). If mortality or emigration of the 
larger juveniles takes place, a reduction in the mean 
length will be observed. Emigration of larger (and 
possibly fitter) juveniles is perhaps more likely than 
their selective mortality. Interspecific and intraspecific 
competition for food resources and space have been 
suggested as factors contributing to the dispersal of 0- 
group flounders in estuaries (Beaumont & Mann 1984). There 
is no reason to suppose that the upstream dispersal of 
flounders in the Thames is not at least partially due 
these influences. 
Riley et al. (1981) investigated the associations of 
demersal fish from inshore areas around the U. K. and found 
that 0-group flounders are noticeably dissociated from 
older fish of the same species, indicating a degree of 
intraspecific niche separation. This may also serve to 
reduce predation on new recruits by larger individuals 
that are potential cannibals. 
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Boisclair & Leggett (1989a, 1989b, 1989c) concluded that 
density dependent factors were important regulators of 
fish growth. They found that a multivariate model 
incorporating total fish density and feeding level 
accounted for over 90% of the variation in growth rate of 
yellow perch (Perca flavescens Mitchill) from Eastern 
Quebec. Van der Veer (1986) states that reproduction in 
plaice is stabilised by density-dependent mortality. 
Peterman & Bradford (1987) investigated the growth of 
English sole (Parophrys vetulus Girard) from the 
northwestern U. S. A. They observed a significant negative 
effect of cohort abundance on growth rate, absent in fish 
over 1 year old. A similar process may affect the growth 
of flounders at west Thurrock, in which case, the abundant 
1990 spawned fish can also be expected to undergo a period 
of reduced growth similar to that observed in the 1988 
cohort during February and March of 1989. 
Density-dependent growth may be incorrectly ascribed to 
some populations. Bromley (1989) found that in good year 
classes there was evidence to suggest enhanced survival of 
small North Sea gadoids. This resulted in a reduction of 
mean age size, and a misleading apparent density related 
fall in growth rate. The increased catch of flounder in 
summer at liest Thurrock is associated with the 
congregation of pre-spawning adults, as opposed to the 
increased survivorship of new recruits. Thus there is no 
reason to suppose that false density-dependence patterns 
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are present. 
If the growth of P. flesus is examined over a broader 
time scale, a general acceleration of growth is detectable 
during summer months. This is most clearly illustrated by 
combining length increases to give a measumnent of growth 
at 6 monthly intervals (fig. 3.8). 
In the winter of 1988-1989, no net growth was achieved 
by either the 1987 or 1988 cohorts. Feil (1989) noted a 
similar pattern in juvenile Dover sole, with no growth 
observed between December and the following April of that 
year. 
The summer increase in growth rate of flounders from 
west Thurrock may be due to several factors acting in 
combination. The biomass of intertidal invertebrates is 
highest in this area during summer months (see section 
4.1.1), suggesting increased availability of food. The 
higher water temperatures will tend to raise the metabolic 
rate, enabling the fish to be more active and effective 
predators. The standard metabolic rate increase itself 
will consume some of the energy gained by the additional 
caloric intake. The increased day length during summer 
months may play a role in aiding visual prey location. 
Photoperiod has been shown to affect the growth of other 
flatfish species. Alhossaini ä Pitcher (1988) demonstrated 
the importance of both feeding level and photoperiod to 
the growth of juvenile plaice (Pleuronectes platessa). A 
greater number of sagittal otolith growth rings were 
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deposited at higher feeding levels and in longer 
photoperiods. The authors suggested that diel photoperiod 
acted as a zeitgeber to initiate the endogenous circadian 
rhythm responsible for sagittal increment deposition. This 
mechanism has also been proposed for the starry flounder 
Platichtbys stellatus Pallas (Campana & Neilson 1982). 
Some findings suggest that daily increments produced by 
juveniles of some fish species - in sub-optimal 
conditions are independent of growth rate (Taubert & Coble 
1977, Eckmann & Rey 1987, Alhossaini & Pitcher 1988). The 
investigation of this phenomenon in the field is not 
possible, though it might be presumed that growth is less 
affected in species with wide tolerance ranges such as the 
euryhaline flounder. 
Differences also exist between the sub-cohorts of a year 
class. Al-Hossaini et al. (1989) found that early settling 
juvenile plaice Pleuronectes' platessa generally grew 
faster and exhibited a higher mortality than sub-cohorts 
that settled later. Spawning in North Sea plaice occurs 
over a four month period from December to March (Wheeler 
1969). Consequently, post larval P. platessa are recruited 
into the population over a relatively lengthy time and 
will experience different climatic and hydrological 
conditions that are known to affect growth rate. No sub- 
cohorts were identified from the flounder population at 
West Thurrock, largely due to the short period over which 
recruitment takes place in this species. 
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3.4. SOME EFFECTS OF POLLUTION ON FISH REPRODUCTION AND 
GROWTH. 
Impairment of reproduction obviously has significant 
effects on a population. Several examples of the decline 
of fish populations due to reduced fecundity have been 
documented. Burdick et al. (1964) demonstrated reduced 
fecundity due to the effects of DDT in Salvelinus 
namaykush Walbaum, the lake trout. More recently Whipple 
et al. (1981) have documented the decline of the striped 
bass norone saxatilis Walbaum in San Francisco Bay. 
It has been demonstrated that fish fry are generally 
more sensitive to chemical pollutants than adults (Buckley 
1982). Mortality in wild fish populations is greatest in 
the egg and larval phases and the size of a year class Is 
often considered to be determined during this period. 
Westernhagen et al. (1981,1987) correlated the ovarian 
burden of PCB, DDE and dieldrin in flounder, cod and 
herring from the Baltic with a reduction in reproductive 
capacity. PCB burdens in the range of 120 to 180 pg kg-1 
tissue wet weight resulted in a 50% reduction in hatching 
success. Burdens of 500 pg kg-1 have been reported from 
the gonads of flounders in the Thames (Courtney and 
Langston 1980), implying that the water quality of the 
estuary may be significantly reducing the reproductive 
success of the local stock of P. flesus. 
In North sea whiting, the concentration of ovarian EPCB 
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required to impair reproductive success is 200 pg kg-1 
(Westernhagen et al. 1989). Threshold values for other 
contaminants are 20 µg kg-1 for XDDT and 10 pg kg-1 for 
dieldrin. Westernhagen et al. (1988) investigated 
developmental defects in the ichthyoplankton of the 
western Baltic Sea. Between 22% and 44% of flounder eggs 
and 18% to 32% of cod eggs contained aberrant embryos. It 
was suggested that these malformations could arise through 
the accumulation of xenobiotics in the parental gonads. 
Spies et al. (1984b) found that fertilization success in 
starry flounder Platichthys stellatus Pallas was 
significantly negatively correlated to hepatic MFO 
activity. Several pollutants have been shown to increase 
MFO activity in fish (see 6.3.2.1). Xenobiotics 
transferred to gametes may induce hepatic monooxygenase 
activity in the offspring of some fish (Binder & Lech, 
1984). 
Chemical pollutants are not the only hazard to larval 
fish, particularly in estuaries. Thermal pollution 
associated with industrial activity can also play a role 
in increasing larval mortality. The majority of heavy 
industry requires large quantities of water and is 
therefore often situated along rivers, estuaries and 
coasts. 
Buckley (1982) observed that eggs of Pseudopleuronectes 
americanus Walbaum incubated at 5°C higher than the 
temperature at which they were fertilised gave rise to 
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feeding larvae with reduced RNA-DNA ratios. These larvae 
exhibited a slower growth rate and were generally of poor 
condition. Hose et al. (1974a, b) investigated the 
synergistic effects of temperature and chlorine on four 
species of young estuarine fish. They found that southern 
flounder (Paralichthys lethostigmata Jordan & Gilbert) and 
mullet (Xugil cephalus L. ) in the presence of 0.1 to 0.5 
ppm chlorine experienced increased mortality rates over 10 
minutes when challenged with a 10-15°C thermal shock. The 
significance of such data is that these conditions are 
often experienced by young fish entrained in industrial 
plant cooling systems, where chlorine is used as a 
biocide. The presence of screens at the cooling water 
intake, though effective in removing adult fish and some 
macroinvertebrates, does not prevent larvae from entering 
the cooling pipes and the consequent increase in 
mortality. Furthermore, impact on cooling water screens 
results in mortality unless the impinged organisms are 
returned to the water. 
Turnpenny et al. (1988) investigated the effect on fish 
stocks of impact on the screens at Sizewell "A" power 
station, Suffolk. For six commercially important species 
(plaice, sole, dab, cod, whiting and herring), 
approximately 106 individuals below minimum commercial 
landing size are killed per year. The number of eggs and 
larvae destroyed was not measured. A further 69 species 
are regularly caught on the screens of this station, for 
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which data is scarce. In total 5,000,000 fish of 73 
species (over 42 tonnes in weight), are removed by this 
station alone from a small area of the East Anglian coast 
every year. The effect on commercial fish stocks was 
considered to be negligible, though the efect of a 
significant increase in the mortality of new recruits to 
the local fish assemblage was not investigated. The 
ecological implications of the removal of what is probably 
a large portion of the local ichthyofauna are uncertain, 
though extensive disruption to inshore communities is 
possible. 
In estuaries the problem may be exacerbated by the 
presence of large numbers of such industrial 
installations. 
3.5. SUMMARY. 
The data obtained concerning the size/frequency 
distribution of population of P. flesus in the Thames 
supplements what is already known concerning this species 
(see section 1.2). 
Adult flounders congregate in the mid-estuary in late 
spring, prior to their spawning migration. New recruits 
arrive in the estuary in summer and disperse upstream 
after a few weeks. Dispersal appears to involve density- 
dependent population regulating mechanisms. 
i 
Growth is seasonal to an extent, being reduced during 
winter months. The Von Bertalanffy equation is not a 
useful tool for describing short term growth, partly due 
to these fluctuations. However, it must be pointed out 
that if annual growth increments are considered, it is 
likely that the growth of P. flesus does follow the Von 
Bertalanffy model. 
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4. FEEDING AND NUTRITION. 
4.1. THE FEEDING ECOLOGY OF P. flesus. 
Estuaries are amongst the' most productive aquatic 
ecosystems, though their fauna is often less diverse than 
that of freshwater and marine environments (Goldman & 
Horne 1983). Deposition of fine mud containing large 
quantities of autochthonous and allochthonous nutrients 
results in benthic communities generally being the most 
important macroinvertebrate assemblages in estuaries. 
These communities often support an extensive ichthyofauna 
which may form the basis of commercially important 
fisheries. The turbidity and relative warmth often 
associated with estuaries also attract juvenile fish, thus 
making estuarine areas important nurseries (Cyrus & Blaber 
1977). 
4.1.1. GUT CONTENTS OF FLOUNDERS FROM WEST THURROCK. 
The gut contents of flounders from West Thurrock 
contained at least 11 and possibly 12 genera (table 4.1), 
though precise identification of some food species was 
impossible due to their advanced state of digestion. 
The number of prey species in the gut varied cyclically, 
with minima in late spring and autumn (fig. 4.1). The 
73 
Table 4.1A TAXA IDENTIFIED FROM GUT CONTENTS 
OF FLOUNDERS FROM WEST THURROCK 
CNIDARIA HYDROZOA: Sertulerie cupressina 
ANNELIDA POLYCHAETA: Lanice conchilega 
OTHER 
CRUSTACEA CIRRIPEDA: Elminlus modestus 
COPEPODA: Lepeophtheirus peotoralis 
AMPHIPODA: Corophium volutator 
Gemmarus zaddachi 
FRAGMENTS (PROBABLY Gammerus sp. ) 
MYSIDACEA: Neomysis integer 
DECAPODA: Crangon crangon 
MOLLUSCA BIVALVIA: Macoma balthica 
CHORDATA PISCES: PLEURONECTIDAE 
OTHER (PROBABLY GOBIIDAE) 
B. TAXA IDENTIFIED FROM GUT CONTENTS 
OF FLOUNDERS LESS THAN 5cm LONG. 
CRUSTACEA AMPHIPODA: Corophium volutetor 
FRAGMENTS (PROBABLY Gemmerus sp. ) 
MYSIDACEA: Neomysis integer 
DECAPODA: Crsngon crangon (YOUNG) 
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reason for this unclear, but may be related to the influx 
of small fish into the estuary in June. Small fish will 
tend to prey on smaller organisms, increasing the number 
of species exploited. The number of fish preying on 
relatively small species such as C. volutator and Neomysis 
integer Leach increased during the summers of 1989 and 
1990, supporting this theory. 
Macrobenthic diversity is reduced in summer, but this 
may be offset by the sharp increase in the biomass of 
intertidal invertebrates at this time (see section 4.1.2). 
The most frequently eaten species were Crangon crangon 
and Gammarus zaddachi Sexton (fig. 4.2). They were eaten 
throughout the year, with a slight reduction in the 
numbers of C. crangon in April and G. zaddachi in December. 
Fragmented amphipods which may have been G. zaddachi but 
could not be definitely identified were frequently found 
in the gut contents. If a significant proportion of these 
fragments are from specimens of G. zaddachi, then this is 
probably the single most important prey species for 
flounders in the mid-estuary. 
Three subspecies of G. zaddachi have been described; 
G. z. zaddachi Spooner, G. z. salinus Spooner and 
G. z. oceanicus Segerstr&le. These forms exhibit a salinity 
related distribution in estuaries (Spooner 1947, 
Sergestr&le 1947). The variety from west Thurrock is 
likely to be G. z. salinus, characteristic of the mid- 
reaches of estuaries and tolerant of high salinity 
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Fig. 4.2. TROPHIC SPECTRUM OF FLOUNDERS FROM WEST THURROCK. 
Open polygons indicate the proportion (%) of guts examined 
that contained a particular specified taxon. Solid 
polygons indicate the proportion ($) of guts where that 
taxon was the dominant content. 
The width of each band represents 100% 
Dotted lines indicate no data available. 
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fluctuations. 
Wheeler (1969) states that flounders feed mostly in 
warmer months, which may contribute to the increased 
number of species eaten in the summer. The similar 
increase observed in the February-March period is less 
easy to explain. If flounders feed less during cold months 
it would be expected that the numbers of fish caught with 
empty guts would increase in winter, which is not the 
case. 
None of the prey species of flounder at West Thurrock 
are eaten exclusively during winter, though a larger 
number of X. balthica and polychaetes, notably Lanice 
concbilega Pallas, are eaten during this period. Unlike 
other flatfish species (such as . 9olea solea) that browse 
on bivalve siphons, the entire mollusc is usually ingested 
by flounders (see plate Va). 
The change of prey composition to include more sedentary 
species may reflect an impairment of foraging and capture 
behaviour. The metabolism of fish is reduced at low 
temperatures, possibly affecting the foraging and prey 
capture ability. Less motile species would then be 
expected to figure more prominently in the diet of 
flounders during winter months. 
It appears that P. flesus forage further afield 
during late winter, as L. conchilega is absent from West 
Thurrock macrofaunal samples where oligochaetes and 
nereids are common. The presence of this sand dwelling 
7g 
polychaete in the gut contents of flounders from West 
Thurrock suggests that they feed in the outer estuary on 
occasion. 
-Another period when the gut contents may include species 
from other localities is in late summer, when the guts of 
fish returning from the spawning migration contain prey 
species associated with the outer estuary (e. g. 
L. conchilega). This was observed in 1989 and 1990. 
Indigestible portions such as sand tubes may persist in 
the gut and be recovered when the fish has moved upstream 
into areas where the prey is absent. 
Fish are considered by several authors to be important 
in the diet of flounders (Yarnell 1836, Norman 1987), but 
specific data is unavailable. At least two fish species 
were found in the gut contents of flounders from West 
Thurrock. Juvenile pleuronectids were the most common fish 
prey. They were consistently present in the gut contents 
in July samples and once in February. Though P. flesus is 
not usually considered a cannibal these flatfish were 
possibly newly recruited flounders entering the estuary. 
Small or newly metamorphosed juveniles of other flatfish 
species are relatively rare at West. Thurrock. This may 
represent a density dependant population regulating 
mechanism, whereby the mortality of new recruits increases 
when the population of larger fish is high. A similar 
mechanism has been proposed for juvenile Solea soles by 
Feil (1989). 
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A single specimen of another fish species, badly 
degraded, was also found during winter. This specimen 
could not be accurately identified but appeared to be a 
gobiid, probably Pomatoschistus microps Kroyer. This 
species is a common estuarine goby, often occurring in 
large numbers in fish samples from West Thurrock. 
Other occasional prey species seem to occur randomly. 
The barnacle Elminius modestur Darwin was found only once, 
perhaps ingested accidentally. 
The ectoparasitic copepod Lepeophtheirus pectoralis 
Müller was found four times, usually when the gut also 
contained a pleuronectid fish which is the copepod's usual 
host. In the single specimen of P. flesus when L. pectoralis 
was found alone it presumably became detached from its 
host and was then eaten. The mechanical stresses 
associated with the intake screen at West Thurrock would 
certainly be sufficient to dislodge some ectoparasites 
which then could be ingested. 
4.1.2. FOOD RESOURCE UTILISATION BY P. flesus. 
Wheeler (1969) states that flounders feed in the 
intertidal zone, moving up the shore with the tide. Thus, 
components of both the intertidal and shallow subtidal 
fauna would be included in the diet. Small fish feeding in 
the intertidal zone could be preyed upon in turn by 
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flounders, accounting for the presence of fish in their 
diet. 
The physiology of some fish species may also be a 
contributing factor to piscivorous behaviour. The 
formation of membrane phospholipids in fish requires long 
chain C22 molecules such as 22: 6w3 linoleic acid. Shorter 
chain C18 polyunsaturates are found in lower trophic 
levels (i. e. prey) and must be elongated by the fish. 
Certain species such as the turbot (Psetta maxima L. ) 
cannot do this and require a larger proportion of long 
chain lipids in the diet. As a consequence, turbot 
frequently feed on other fish. Plaice, conversely, posess 
the ability to elongate C18 chains and feed predominantly 
on invertebrates. A metabolic cost is incurred in this 
process and foods with a higher C22 content are actively 
selected by some species that nevertheless are able to 
synthesise C22 chains (Pitcher & Hart 1982). 
The flounder is generally considered to be an 
opportunist feeder (e. g. Wheeler 1969, Nielsen 1986), thus 
the succession in the benthic macrofauna at West Thurrock 
may be analogous to the changes in availability of prey. 
The succession of the intertidal and subtidal 
macroinvertebrate infauna of the Thames near West Thurrock 
has been investigated recently by the NRA (Tinsley pers. 
com. ). The species diversity in both communities is lowest 
during the third quarter of the year. The diversity of the 
subtidal community increases in autumn, attaining a 
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maximum of 1.75 in the January to March period. The 
intertidal community is most diverse during April to June, 
but only reaching 1.15 (fig. 4.3). Twelve species were 
recorded from subtidal samples and eight from intertidal 
samples. 
Subtidal samples contained more than twice the number of 
annelid species contained in the intertidal samples. 
Mollusca (Nacoma balthica L. ) and brachyuran crustacea 
(Carcinus maenas L. ) were only present in intertidal 
samples, while ascidians (Molgula manhattensis DeKay) and 
caridean crustacea (Crangon crangon L. ) were confined to 
the subtidal zone. 
The intertidal macrofauna was the more evenly 
distributed of the two, with Tubifex costatus, Nereis 
diversicolor Müller and Corophium volutator Pallas the 
most numerically abundant species. However, N. diversicolor 
alone comprised between 89 and 99% of the intertidal 
macroinvertebrate biomass (fig. 4.4a). 
The subtidal community was dominated by C. volutator, 
both numerically and in terms of biomass. This dominance 
was not to the same degree as that exhibited by 
N. diversicolor in the intertidal assemblage. In the fourth 
quarter the biomass of C. volutator was exceeded by 
polychaetes, and the numerical dominance of amphipods over 
tubificids was marginal (fig. 4.4b). 
comparison of the invertebrate macrofauna of West 
Thurrock and the gut contents of flounders caught at the 
83 
Fig 4,3 INVERTEBRATE MACROFAUNA 
AT WEST THURROCK, 
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Fig, 4,4 WEST THURROCK MACROFAUNA. 
a. INTERTIDAL COMMUNITY 1989-90 
b. SUBTIDAL COMMUNITY 1989-90 
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same site suggests that P. flesus is not exclusively a 
benthic feeder. The inclusion in the diet of species such 
as Neomysis integer which is usually considered a member 
of the plankton, indicates the exploitation of all parts 
of the water column. The presence of benthic species 
absent from the mid estuary in the gut contents suggests 
that foraging also takes place in the sandy outer estuary. 
Thus both vertical and horizontal migrations may take 
place during the course of feeding. 
it is likely that 0-group flounders exhibit a slightly 
different feeding ecology than older fish. Their smaller 
gape requires them to feed on smaller organisms than adult 
flounders do. By preying on small invertebrates such as 
mysids, less time is spent feeding on intertidal benthos. 
Not only may this serve to reduce intraspecific 
competition, but also to prevent new recruits being preyed 
upon by larger P. flesus and other piscivores. 
Interspecific competition probably plays a role in the 
partition of food resources in the estuary. The Thames 
estuary serves as a nursery for a substantial population 
of young sole, Solea soles. This species has a smaller 
gape thSn the flounder, and consequently feeds on 
relatively small organisms. This will include potential 
prey items of 0-group flounder. Feil (1989) demonstrated 
that a wide variety of small polychaetes, harpacticoid 
copepods and cumaceans are eaten by sole in the vicinity 
of west Thurrock. All the species eaten by the sole are 
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benthic, thus the inclusion of species with a more 
planktonic lifestyle in the diet of juvenile flounders 
will decrease the overlap of exploited resources. 
-Thorman (1982) found that flounders in the Bröalven 
Estuary, Sweden, were food limited due to competition with 
Pleuronectes platessa and Pomatoschistus microps, the most 
common member of the fish guild. This has also been 
demonstrated for flounders in freshwater environments by 
Beaumont & Mann (1984) who suggested that the reason 0- 
group flounders move into fresh water is to reduce 
competition for food and space on estuarine mudflats. 
P. microps is common in the Thames at West Thurrock and 
probably is a significant competitor for food resources, 
as well as being an occasional prey item itself. 
The selection of food species may also be related to 
energy efficiency. Dauvin & Joncourt (1989) measured the 
energy values for a variety of marine benthic 
invertebrates and found that crustacea had a higher 
calorific value than bivalves and polychaetes (table 4.2). 
This may account for the dominance of crustacea in the 
diet of flounders from West Thurrock where, in terms of 
biomass, Nereis diversicolor dominates the benthos. 
Townsend & Winfield (1985) suggest that fish predators are 
able to rank prey values, and memorise this ranking for 
the duration of a feeding bout. 
Seasonal changes in the gut contents of P. flesus are 
probably influenced by prey availability at any given 
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Table 4.2 SOME CALORIFIC VALUES 
OF BENTHIC INVERTEBRATES. 
SPECIES 
POLYCHAETES: 
L anice conchilega 
Nephtys cirrosa 
ENERGY CONTENT (J/mg DW) 
17.65 
19-30 
BI VALVES; (Decalcifled) 
Abra alba 16.42 
Tellina crassa 18.03 
Cardium echinatum 18,27 
CRUSTACEANS: 
Ampelisca brevicornis 22.09 
Bathyporeia tenuipes 20.43 
Crangon crangon 1 9,58 
MODIFIED FROM DAUVIN & JONCOURT 1987, 
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time. This is in turn influenced by the population 
dynamics of several competing fish species which may be 
considered a guild of estuarine benthic feeders (Thorman 
1982). The age structure of the population of P. flesus is 
reflected in the higher diversity of prey species eaten 
during summer months. 
4.1.3. GEOGRAPHICAL COMPARISONS. 
Due to the opportunistic nature of flounders, their diet 
can vary greatly within a fairly small geographical area. 
Comparisons of the gut contents of flounders from West 
Thurrock and Leigh-on-Sea during the autumn of 1987 reveal 
considerable differences. 
At Leigh-on-sea, the diet consists largely of molluscs 
and annelids, though crustacea are still present in the 
gut. The most important food species at Leigh-on-sea is 
the cockle Cardium (Cerastoderma) edule L. (fig. 4.5). 
Crangon crangon is present in as many guts as C. edule, but 
is less often the dominant food (numerically). Individual 
flounders from Leigh-on-sea have been observed to feed 
exclusively on cockles, while individuals from West 
Thurrock may feed exclusively on G. zaddachi (plate Va & 
plate Vb). 
It is often stated that a large portion of the diet of 
flounders consists of Macoma, Nya, Cardium and Mytilus 
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Fig. 4.5 GUT CONTENTS OF FLOUNDERS 
WEST THURROCK, OCTOBER 1987. 
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PLATE Vb. 
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PLATE Va. 
GUT CONTENTS OF A FLOUNDER CAUGHT AT LEIGH-ON-SEA. 
This is from a 26 cm 3 year old male and consists 
exclusively of Cardium (Cerastoderma) edule. Caught 
22.10.87. 
PLATE Vb. 
GUT CONTENTS OF A FLOUNDER CAUGHT AT WEST THURROCIC. 
This is from a 25.5 cm 3 year old male and consists 
exclusively of Gammarus zaddachi. Caught 21.10.87. 
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(e. g. Wheeler 1969, Riisg&rd & Hansen 1990). Molluscs are 
infrequent prey items at West Thurrock, probably due to 
their scarcity in the benthos. 
-The differences in gut contents from the two sites may 
be largely due to the contrasting benthic faunal 
assemblages in different reaches of the estuary. 
Leigh-on-sea is a largely sandy area, known for its 
cockle beds and shrimp fishery. Consequently, these 
abundant species are common in the diet of local 
flounders. Lanice conchilega, the third most frequently 
eaten species at Leigh-on-sea, is also a characteristic 
sand dweller. The presence of Corophium sp. In the gut 
contents of flounders from Leigh-on-Sea may indicate that 
these fish are also feeding upstream over muddy sediments, 
though some species (e. g. C. arenarium Crawford) prefer 
sandy substrates (Lincoln 1979). The identity of the 
Corophium species found in the gut contents of flounders 
at Leigh-on Sea could not be determined, thus the exact 
nature of the feeding ground remains unknown. 
4.2. DIETARY CONDITION. 
Dietary condition is frequently used as a measure of the 
feeding success and general well-being of a fish. It 
indicates the proximate body composition and energy 
reserve of an individual which is directly related to its 
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ability to meet metabolic challenges (Weatherley & Gill 
1983, Costopoulos & Fonds 1989). 
Several methods have been used to determine the 
condition factor of fish. The most common of these are 
volumetric approximations, such as Clark's or Fulton's K, 
calculated by dividing the cubed length by the weight (see 
chapter 2 for details). 
Alternatively, the lipid content of the tissues may be 
measured directly. Fat in fishes serves as both structural 
phospholipid and as rapidly mobilisable energy storage, 
which is the major reserve utilised during starvation in 
pleuronectids such as the plaice (Jobling 1980). Many 
marine teleosts consume a large proportion of wax and oil 
in their diet and can concentrate oils within their bodies 
(Pitcher & Hart 1982). The importance of lipids in fish 
physiology and nutrition has led several authors to use 
lipid assays as a measure of condition (e. g. Jobling 1980, 
Weatherley & Gill 1983, Feil 1989, Henderson & Almatar 
1989). 
4.2.1. FULTON'S CONDITION FACTOR (K) 
The changes in condition factor of flounders at West 
Thurrock are cyclical. Maxima occur in early summer and 
minima in winter, though somewhat irregularly. The pattern 
of variation from year to year was otherwise dissimilar 
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(fig. 4.6). 
The summer increase can be related to the arrival of new 
recruits into the estuary. 0-group flounder have a higher 
mean K than older fish, thus increasing the mean K of the 
whole population. 
The reason 0-group fish have a higher mean K is 
uncertain. Either the food resources available to older 
flounders resident in the estuary are of poorer quality 
than those available to immigrant fish, which seems 
unlikely, or the length to weight relationship changes as 
-the fish grow. This can be determined graphically. If 
weight is plotted against length logarithmically, then the 
resultant regression line will be defined as follows (Feil 
1989): 
4.1... log W=a+b log L 
where W is the weight in g, 
a is the intercept, 
b is the gradient, 
and L is the length in cm. 
Which may also be expressed as: 
4.2... W= aLb 
And by substitution: 
4.3... a= W/Lb 
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The relationship of length to weight is nearly cubic for 
all fish, but less so in smaller fish. The value of the 
exponent b calculated for fish of less than 9cm length is 
3-. 26, while it falls to 3.11 in larger fish (fig. 4.7). 
The value of b obtained for the pooled data is 3.03. This 
implies that Fulton's formula will tend to overestimate 
condition slightly for all flounders, but more so for 
smaller individuals. Thus, the higher mean K of new 
recruits is at least partially due to changes in growth 
pattern. 
The winter fall in mean K is probably related to the 
reduction in gonadal mass of post-spawned fish. This 
effect has also been observed in the Dover sole, Solea 
soles by de Veen (1976). There is no indication that 
flounders feed less at this time, so that a reduction in 
muscle weight or body fat is unlikely to be the cause of 
the lower condition factors observed. 
4.2.2. LIPID CONTENT OF JUVENILE FLOUNDERS. 
Fig. 4.8 shows the changes in lipid content of young 
flounders from West Thurrock (see appendix 2). A clear 
periodicity is apparent, but interpretation of this data 
is complicated by the relationship of length and lipid 
content. Smaller fish do not necessarily have a 
consistently lower lipid content than larger ones (fig 
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Fig 4.7 THE LENGTH / WEIGHT RELATIONSHIP 
OF FLOUNDERS FROM WEST THURROCK 
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4.9), but larger juveniles (over 12 cm) never contain less 
than 10 % lipid. This implies that the proportion of lipid 
in 0-group flounders increases with length in a non-linear 
relationship. The range of lipid contents decreases as 
fish length increases. This may be due to the selective 
mortality of new recruits with low energy reserves. 
Reductions in mean lipid level can thus signify changes in 
population structure as well as changes in condition. 
Lipid content reaches a maximum in spring, due to the 
growth of the summer's recruits. The range of values also 
increases from autumn to spring, reflecting different 
individual growth rates. In summer the mean lipid 
concentration and the range decrease. This is probably 
related to the arrival of the new recruits and their 
dispersal through the estuary. This is in marked contrast 
to variations observed in species such as the herring 
(Clupea harengus L. ), where fat content doubles in summer 
months (Wallace 1986). Dawson & Grimm (1980) observed an 
intermediate pattern in plaice. Maximum lipid content was 
achieved in winter and reduced by approximately 40 % 
during spring. 
The practice of converting lipid content into percentage 
body weight has been subject to criticism. Unless the 
lipid content is rectilinearly related to the mass (thus 
the length) of the fish, and the relationship extrapolates 
to zero body weight, size specific correction factors are 
required (Caulton & Bursell 1977). However, this 
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Fig 4,9 LIPID CONTENT OF 0-GROUP 
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correction method requires sample sizes large enough to 
construct a regression curve of lipid content in relation 
to body weight. The small sample sizes obtained on 
occasion during 1988-1990 preclude this possibility. 
Furthermore, the relationship of size to lipid content of 
fish from West Thurrock is clearly not rectilinear (fig 
4.10). Consequently, only general patterns of fluctuation 
can be inferred from this data. 
4.3. THE EFFECT OF POLLUTION ON FEEDING ECOLOGY OF FISH. 
The general reduction in diversity of macroinvertebrate 
fauna due to pollution (especially organic enrichment) has 
been documented frequently (e. g. Pearson & Rosenberg 1978, 
Schindler 1987, Warwick 1988). This has obvious 
consequences for fish feeding on organisms that undergo a 
population decline. The reduction of crustacean fauna is 
particularly important, due to their higher calorific 
content and relative dominance in the diet compared to 
annelids. 
Starvation and poor dietary condition probably render 
fish more susceptible to the challenge of potential 
pathogens. Disrupted feeding can also have long term 
implications. Fecundity in plaice (Pleuronectea platessa) 
can be significantly decreased by reduced food rations 
(Horwood et al. 1989). 
102 
Fig 4,10 LIPID CONTENT OF 0-GROUP 
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Food type and foraging behaviour are thought to 
influence body burdens of some pollutants. Fish that feed 
on species from higher trophic levels, or on organisms 
from polluted areas will concentrate the contaminant 
further. This has been demonstrated with sole (Soles 
vulgaris Quensel) and megrim (Lepidorhombus boscii Risso) 
from the northern Tyrrhenian Sea (Pellegrini & Barghigiani 
1989). The megrim included fish in its diet and had a 
considerably higher body burden of mercury than the sole, 
which fed on polychaetes and crustacea. 
The impact of pollution on benthic communities has other 
less obvious effects. The activities of both mobile and 
sedentary benthos increase the flux of dissolved material 
between the sediment and the overlying water (Aller 1978). 
An area with a depleted fauna will undergo less 
redistribution of reactive particles from the interface 
into the sediment body and a buildup of decomposition 
products such as NH4. The composition of the benthic 
community thus directly influences the chemical 
characteristics of a sediment, and indirectly the 
bioavailability of contaminants in that sediment (Cross & 
Sunda 1978). 
However, little is known concerning the quantitative 
importance of benthos in controlling the speciation and 
distribution of trace metals. It is therefore difficult to 
assess the effects of estuarine pollution on benthic 
communities and the ichthyofauna that exploits them. 
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5: PARASITES OF P. flesus. 
5.1. ECTOPARASITES. 
Three species of ectoparasite were found on the fish 
examined, all of which are copepods; the caligid 
Lepeophtheirus pectoralis MUller (plates VIa, VIb & VIIa) 
under the pectoral fins, the condracanthid Acanthocondria 
cornuta MUller (plate VIIb) on the gills and in the 
branchial chamber, and the larvae of the pennellid 
Lernaeocera branchialis L. (plate VIII) on the tips of the 
gill filaments. Caligus elongatus Nordmann, considered the 
most common British ectoparasitic copepod was not found on 
any of the flounder examined even though P. flesus is a 
known host (Kabata 1979). 
5.1.1. COPEPODA: CALIGIDAE 
Lepeophtheirus pectoralis is one of the most common 
parasitic copepods of flatfish in the North Sea. It was 
previously thought to have a wider geographical 
distribution, but recent work indicates that it is 
replaced in the Mediterranean by a newly described 
species, L. europaensis (Zeddam et al. 1988). 
L. pectoralis is usually found associated with the paired 
fins, sometimes covering most of the fin in stationary 
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PLATE VIa. 
ADULT FEMALE Lepeophtheirus pectoralis. 
The slight reddish coloration is due to lignin red staining. 
PLATE VIb. 
ADULT MALE Lepeophtheirus pectoralis. 
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PLATE VIIa. 
PLATE VIIb. 
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.A 
PLATE VIIa. 
ADULT FEMALE Lepeophtheirus pectoralis WITH EGG SACS. 
This specimen is heavily stained with lignin red, hence the vivid 
coloration. 
PLATE VIIb. 
DETAIL OF ADULT FEMALE Acanthochondria cornuta. 
The abdomen is shown with egg sacs attached. The characteristic 
posteriolateral processes of 
the abdomen are also clearly 
visible. 
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PLATE VIII. P 
PLATE VIII. 
Lernaocera branchialis, CHALIMUS LARVA. 
A mature pre-metamrphosed female is shown attached to a portion 
of gill filament from a flounder caught at West Thurrock. The 
presence of larvae of this type indicates copulation has already 
taken place. 
1 11 
colonies. Attachment is achieved by means of the second 
antennae and the maxillipeds, the claws of which pierce 
the epidermis and occasionally the dermis (fig. 5.1). 
Boxshall (1977) described the histopathology of the 
infection of the pectoral fin of P. flesus with 
Lepeophtheirus pectoralis. Small lesions were observed in 
the vicinity of the parasites with hyperplasia of the 
epidermis in bordering areas. Proliferation of fibroblasts 
and massive fibre production with infiltration of 
macrophages and lymphocytes was characteristic of the 
lesions. Dense granular tissue was formed as a result of 
fibroplasia, producing swellings and some dermal 
haemorrhages under each parasite. 
In the fish examined, the majority of L. pectoralis were 
found underneath the pectoral fin, usually on the lower 
(blind) side of the host (table 5.1). Similar observations 
were made by Van den Broek (1979a). He observed that the 
proportion of parasites on the ocular surface of the fish 
increased with age. In 4 to 5 year old fish, more 
L. pectoralis were found on the upper surface. No similar 
pattern was apparent in infections of flounders from West 
Thurrock due to the scarcity of fish over 3 years old. 
The peak prevalences of infection by this species 
occurred in autumn (fig. 5.2). This pattern has also been 
observed in plaice (Boxshall 1974b) and in flounders from 
the Medway (Van den Broek 1979a). This is probably due to 
the influx of largely parasite free new recruits to the 
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Fig. 5.1 Lepeophtheirus pectoralis (Müller). 
a. 9 second antenna, ventral view. x 100 
b. 9 maxilliped, ventral view. x 150 
After Kabata (1979). 
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TABLE 5.1 THE LOCATION OF L. pectoralls ON FLOUNDER 
YEAR GROUP OCULAR SIDE BLIND SIDE N 
0 44.8% 55.2% 67 
1 47.3% 52.7% 237 
2 44.5% 55.5% 315 
3 48.6% 51.4% 37 
4 36.4% 63.6% 3 
TABLE 5.2 COPEPOD ECTOPARASITE INFECTIONS 
IN ESTUARINE FLOUNDER POPULATIONS 
PARASITE SPECIES LOCALITY 
MEDWAY THAMES 
L. pectorells PREVALENCE 48.4% 32.1% 
INTENSITY 2.07 5.29 
A. cornuta PREVALENCE 57.8% 24.1% 
INTENSITY 3.18 3.39 
L. brenchlelb PREVALENCE 97.6% 10.9% 
INTENSITY 61.9 16.7 
Medway data from Van den Brook (1979a) 
Thames date from West Thurrook. 
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population in summer. This view is corroborated by 
analysis of the relationship of infection prevalence to 
age. Significantly fewer 0-group fish harbour specimens of 
L. pectoralis (fig. 5.3a). 
The peaks of intensity are not as clearly defined as the 
peaks in prevalence and generally precede them by three 
months (fig 5.2). This could be due to dispersal of 
parasites from "crowded" hosts, resulting in more fish 
being infected at lower intensities. Boxshall (1974a) 
found that the population of L. pectoralls in late spring 
and early summer contained a large proportion of mobile 
postchalimus stages. However, there is no evidence that 
suggests postchalimus stages actually transfer between 
hosts. Their motility is thought to be employed only to 
change attachment site. If dislodged, they can 
nevertheless reattach. Kabata (1979) suggests that this 
may occur in mixed trawls, accounting for some of the 
spurious hosts recorded for this species. 
There was no reduction of condition factor or increase 
in externally visible disease symptoms in the most heavily 
parasitised individuals (fig 5.3b). However, peaks in 
infection prevalence of this species coincided with 
maximum prevalences of epidermal ulcerations. It is 
possible that the lesions caused by L. pectoralis were 
subsequently infected by opportunistic bacteria (see 
section 6.2.2). However, there was no ulceration observed 
at the preferred attachment sites of this parasite. Peak 
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prevalences of L. pectoralis infection were also followed 
by increases in prevalence of lymphocystis disease. The 
virus responsible for this condition is known to be water 
borne, and infects its host through abrasions and wounds 
on the body surface as well as the gills. Wolf (1984) in 
reviewing the aetiology of lymphocystis remarks that 
transmission of this disease by or on metazoan parasites 
has not been adequately shown, though it might be supposed 
that parasites play a significant role. 
Some species of caligidae can cause severe harm to 
their hosts. Kabata (1984) observed a large specimen of 
Lepeophtheirus salmonis attached to the cranium of a 
Pacific humpback salmon, Onchorhynchus gorbuscha Walbaum. 
The copepod had chewed through the cranium and was about 
to damage the brain. White (1940) reported the loss of 
large patches of skin in Atlantic salmon Salmo salar L. 
due to heavy infestations of the same parasite. Skin 
ulcers of the mullet Nugil akame are frequently due to the 
secondary infection by bacteria of the lesions caused by 
Caligus orientalis (Muroga 1979). In general though, 
caligid copepods can only be expected to cause 
debilitating effects when present in very large numbers or 
on an otherwise stressed host (Kabata 1984). 
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5.1.2 COPEPODA: CONDRACANTHIDAE 
The majority of condracanthid copepods penetrate deep 
into the tissues of the host causing severe trauma (e. g. 
Strabax spp. and Lernetonema spp. ). The genus 
Acanthochondria is an exception. This genus is 
distinguished by its morphological simplicity. The body of 
A. cornuta consists of three tagmata (fig 5.4a): a small 
cephalothorax, a large trunk and a much reduced genito- 
abdomen. The cephalothorax is dorsoventrally flattened, 
usually slightly narrower anteriorly and covered by a 
sclerotised dorsal shield. A transverse constriction 
separates it from the trunk, which expands posteriorly 
with uneven margins. Two posterolateral processes extend 
to flank the genito-abdomen. The attachment organs in this 
genus are the second antennae that have become reduced to 
heavily sclerotised and rigid hooks. Joints at the base of 
the antennae allow limited articulation resulting in a 
pincer-like action that anchors the parasite permanently 
to its host. The buccal apparatus possesses a soft, 
flexible mandible unsuitable for dealing with firm tissues 
and food is obtained by means of extrabuccal digestion 
(Kabata 1984). Only two anterior pairs of thoracopods 
remain, modified into bilobate limbs covered with fine 
spinulation. 
The male of this species is a dwarf, less than one tenth 
the size of the female (fig 5.4b). It possesses an 
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Fig. 5.4 Acanthochondria cornuta f. fleurae (MiJller). 
a. Adult female x 15 
b. Adult male x 100 
120 
inflated cephalothorax that passes imperceptibly into the 
narrow genito-abdomen. The limbs are similar to those 
found on the female, with the addition of two pairs of 
flat legs. The segmentation is indistinct. 
A. cornuta is a parasite predominantly of flatfishes in 
the eastern and western North Atlantic. However, its 
morphological plasticity has led to much of taxonomic 
confusion. A. depressa Oakley, which is occasionally 
reported from flounders (e. g. Van den Broek 1979a), 
A. flurae Oakley and some reports of A. soleae Schuurmans 
Steckhoven reported from other flatfish species are 
considered junior synonyms of A. cornuta. 
Two varieties are now recognised; A. cornuta f. cornuta 
and A. cornuta f. flurae (Kabata 1979). The former is found 
usually on the witch Glyptocephalus cynoglossus L. while 
the latter is commonly found parasitising flounders. 
A. cornuta f. flurae is distinguished by its broader trunk 
and relatively slender posterolateral processes. 
The patterns of infection intensity and prevalence for 
this parasite are strikingly similar (fig 5.5). Peaks 
occurred between August and November, though the maximum 
levels and duration of the maxima varied annually. The 
pattern of infection appears to be related to population 
structure. Increases in infection coincide with the return 
of adult fish from their spawning migration, while minima 
of both infection intensity and prevalence occur when 
there is a large proportion of newly recruited 0-group 
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fish in the population. This observed fluctuation is 
probably due to lower infection intensity and prevalence 
among young flounders. Van den Broek (1979a) postulated 
that such a mechanism may regulate the infections by 
copepod ectoparasites of whiting Merlangius merlangus L. 
He also investigated the dynamics of copepod ectoparasites 
of flounder in the Medway estuary. The cyclic variation in 
A. cornuta infection intensity (reported as A. depressa 
T. ScOtt) was not as apparent as it is in the Thames, 
though the maximum intensity was nearly twice as high in 
the Medway. Van den Broek Also commented on the synchrony 
of infections of this species with infections of 
Lepeophtheirus pectoralis in flounders from the Medway. 
In the Thames, the maximum prevalences of A. cornuta and 
L. pectoralis infections coincided though the intensities 
did not. This suggests that parasitic infection of 
p. flesus from West Thurrock is not synchronised, and that 
differences in infection patterns can occur over fairly 
small geographical ranges. The mean prevalence of 
infection by A. cornuta, and in fact all ectoparasitic 
copepods, is lower in the Thames (table 5.2) than in the 
Medway. This may be due to the parasites approaching the 
limits of their salinity tolerance in the area near West 
Thurrock. 
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5.1.3 COPEPODA: PENNELLIDAE 
An extensive body of literature exists concerning 
pennellid copepods, especially Lernaeocera branchialis 
(e. g. Mann 1953, Van den Brook 1978, Hislop & Shanks 1981, 
Kabata 1981,1982, Pilcher et al. 1989, Anstensrud 1989). 
This species was the first member of its family to have 
its two-host cycle fully elucidated (by Metzger in 1868), 
though not until this century were the developmental 
stages described in detail (Sproston 1941). 
Usually the intermediate host is a pleuronectid 
flatfish though larval stages of L. branchialis have been 
recorded from soleidae, bothidae, cyclopteridae, agonidae, 
zoarcidae, cottidae and callionymidae (Kabata 1979). The 
copepodid completes the pre-metamorphosis stages of its 
life cycle on this host. This involves four chalimus 
stages followed by mating. After copulation, the male dies 
and the impregnated female transfers to a definitive host 
and completes metamorphosis. The preferred attachment site 
is the ventral end of the gill arch, to which it migrates 
after settling initially on a gill filament. The parasite 
embeds its anterior end in the ventral aorta and 
occasionally in the bulbus arteriosus or ventricle of the 
host's heart. The life cycle is occasionally completed on 
a single host, such as Solea soles L. (Kabata 1984, Feil 
1989). 
The pathological potential of the adults is 
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considerably greater than that of the juveniles. Heavily 
parasitised flounders with over 100 juvenile L. branchialis 
showed no decrease of condition factor, though slight gill 
hyperplasia around the attachment sites was observed in 
some fish where the parasites were no longer present. This 
phenomenon has also been recorded in the Elbe estuary 
(Mdller 1984, MSller & Anders 1986). Kabata (1970) 
observed that the proliferation of the gill tissues in the 
lemon sole (Microstomus kitt Walbaum) caused the 
respiratory folds to be obliterated. In this species the 
intensity of the infestation was higher than that found in 
Thames flounders, up to 700 parasites occurring on a 
single fish whereas a maximum of152 parasites per fish was 
recorded from P. flesus from West Thurrock. 
It is the identity of the definitive hosts of 
L. branchialis that causes it to be considered a serious 
economic pest. Most commonly this is a gadid, though 
members of other families parasitised are also of 
commercial importance. These families are merluccidae, 
ammodytidae, serranidae, blennidae, labridae, 
callionymidae, congridae, pleuronectidae and soleidae. The 
plasticity of these host infections is best demonstrated 
by the fact that different hosts are preferentially 
infected in different areas. In the northern North sea the 
common life cycle involves Microstomus kitt and the 
haddock Ifelanogrammus aeglefinus L. Further north, the 
definitive host is usually the cod Gadus morhua L. In the 
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southern North Sea and the English Channel the 
intermediate host is Platichthys flesus and the definitive 
hosts are whiting (Merlangius merlangus) and Pollack 
(Pollachius pollachius L. ). 
In contrast with other copepod ectoparasites of 
p. flesus, the cyclicity of infection by L. branchialis is 
irregular (fig 5.6). Sproston & Hartley (1941) suggested 
that generations of this parasite are produced 
continuously. The ill-defined cyclicity of the population 
of L. branchialis larvae parasitising flounder at west 
Thurrock may be a result of this reproductive strategy. If 
infective stages of the parasite are continuously 
available, a fairly constant infection rate will result. 
Any variations in infection will thus be largely due to 
host specific variables and physical factors. In estuaries 
where seasonal temperature changes are less pronounced 
than in the open sea, seasonal environmental variables may 
not exert a significant influence on the survival and 
availability of the infective stages of L. branchialis. The 
resultant pattern of infection will tend not to be cyclic. 
Maximum prevalences and intensities were observed in May 
to August, with an additional peak in the winter of 1988- 
1989. The maximum infection levels of L. branchialis larvae 
on flounders are likely to occur following the peak 
infections of adult parasites on the gadoid definitive 
hosts. Elevated infections on gadoids have been reported 
in winter months (Van den Broek 1979a), implying that the 
127 
adult copepods present in winter give rise to the 
juveniles observed parasitising flounders in spring and 
summer. 
The relatively high mean intensity and low mean 
prevalence of L. branchialis infections (table 5.2) shows 
that the parasites do not disperse evenly through the 
population. This implies the presence of a selection 
process by the parasite, the nature of which is unknown. 
Chemical deterrent by the host is unlikely, as the larvae 
of L. branchialis are thought to select their attachment 
sites by rheotaxis (Van den Broek 1979a, Kabata 1984). No 
mechanism that might otherwise inhibit or impair parasite 
attachment by the host has been suggested. 
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5.2 ENDOPARASITES 
5.2.1 ACANTHOCEPHALA 
The most common endoparasite of the flounders examined 
is the acanthocephalan Pomphorhynchus laevis Müller 
(plates IXa, IXb & X), occurring in 70% of the fish. The 
intermediate host of this parasite is the amphipod 
Gammarus zaddachi Sexton, which is a principal food item 
of flounders caught at West Thurrock. At Leigh-on-Sea, 
where the principal foods are Cerastoderma edule L., 
Crangon crangon L., Lanice conchilega Pallas and 
Pectinaria sp. the prevalence of P. laevis falls to 33% . 
Two other acanthocephalan species are known to parasitise 
flounders in British waters; Acanthocephalus clavula 
Dujardin and Echinorhynchus gadi (Kennedy 1984a, Yamaguti 
1963). Neither of these species was found in Thames 
flounders during this investigation. 
P. laevis is found in both freshwater and marine 
populations of flounder. It has been suggested that two 
subspecies or strains of this parasite exist in Britain, 
the Thames population being a marine and brackish water 
strain (Munro et al. 1989). This strain is thought to be 
identical to that commonly found parasitising flounders in 
the Baltic Sea. Salinity appears to act as a barrier to 
the dispersal of the freshwater strain, giving rise to a 
geographically discontinuous distribution of this parasite 
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PLATE IXa. 
Pomphorhynchus laevis. 
The anterior portion of an adult worm is depicted, ilustrating 
the bulbous head and profusely spinate proboscis. 
PLATE IXb. 
pomphorhynchus laevis, ENCYSTED JUVENILE. 
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PLATE X. 
PLATE X. 
Pomphorhynchus laevis. 
Detail of the proboscis embedded in the gut wall of a flounder. 
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in the U. K. (Kennedy 1984b). 
The cyclicity of P. laevis infections of flounders at 
West Thurrock is irregular. A reduction of parasite 
prevalence is observed in winter months (fig. 5.7a). The 
prevalence of infections by immature worms is particularly 
reduced at this time, implying that recruitment into the 
parasite population is low. This is probably due to the 
lower numbers of Gammarus zaddachi Sexton in the diet of 
flounders at this time (see section 4. ). The highest 
parasite prevalences are observed in months when 
G. zaddachi is most abundant in the gut contents. 
A sharp decline in the infection prevalence of immature 
P. laevis was observed in May 1988 as opposed to the more 
usual January minimum. The reason for this is unclear. The 
water temperature in May 1988 was 15°C; within the average 
range recorded for May 1987-1990 (16.3 + 1.5°). However, 
the temperature in January 1988 (8°C) fell outside 
seasonal limits (9.2 + 0.85°) suggesting that physical 
parameters may have contributed to the observed shift in 
infection minima. 
Prevalence of P. laevis infections of flounders at West 
Thurrock was lower than that recorded from the Thames at 
Fulham by Munro et al. (1989), who found that 100% of the 
fish examined harboured this parasite. 
The cyclicity of infection intensity is more clearly 
defined than that of prevalence (fig 5.7b). Maximum 
intensities during 1988-1990 occur in February, with a 
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Fig 5.7 Pomphorhynchus laevis INFECTIONS 
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secondary peak in October. No autumn peak was observed in 
1987. Increased infection intensities of immature 
parasites do not appear to lead to increased intensities 
of adults in following months. This implies that a 
proportion of P. laevis never achieve maturity. This has 
been observed in parasites found in extra-intestinal sites 
(Munro et al. 1989). The high incidence of mature worms in 
February 1988 may be related to the exceptionally high 
prevalence of P. laevis during the winter of 1987-1988. If 
a larger percentage of the flounder population is 
infected, then the probability of some of those infected 
fish having a high parasite burden also increases. 
A feature of infestations of P. laevis in flounders is 
that the worms are occasionally very abundant. Up to 230 
immature and adult worms have been found in a single host 
from liest Thurrock. In such heavy infections the gut lumen 
is occluded, probably leading to difficulty in defecation. 
It might also be expected that digestion would be impaired 
and the host become emaciated. However, no significant 
reduction in Fulton's K occurred in heavily parasitised 
fish. The condition factor of all flounders containing 
over 50 P. laevis was within the standard deviation of the 
mean condition factor of uninfected fish (table 5.3). This 
is also true of flounders heavily infected with the 
seuratoidean nematodes Cucullanus heterochrous and 
C. minutus. 
Brown (1989) studied the seasonal dynamics of P. laevis 
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in the population of chub (Leuciscus cephalus L. ) in the 
Severn. No cyclicity in either infection prevalence or 
intensity was observed, despite seasonal variations in the 
abundance of the intermediate host Gammarus pulex L. Hine 
& Kennedy (1974a, 1974b) related the abundance of P. laevis 
to the importance of G. pulex as a food of fish in the 
River Avon. Mortality and host growth rate were not 
affected by this parasite, which the authors did not 
regard as an important pathogen. 
Wanstall et al. (1988) described the pathology of 
P. laevis in the alimentary tract of the stone loach 
Noemacheilus barbatulus L. The main effect of the 
infection is the abrasion and flattening of the intestinal 
mucosa. Where the gut wall is penetrated by the praesoma 
of the parasite, an inflammatory response occurs. 
Granulocytes and phagocytes are found in this tissue which 
is highly vascularised. P. laevis appears unaffected by the 
host's reaction and Wanstall considers it unlikely'that 
the inflammatory response is capable of rejecting the 
parasite. P. laevis (reported in the past as 
Echinorhyncus proteus) can actually perforate the gut 
wall, and there is an associated development of host 
connective tissue around the parasite. Vasodilation and 
tissue degeneration have been reported from the gut wall 
of infected flounders (Janiazewska, 1938). In smaller fish 
these pathologies might have more harmful effects. 
wanstall et al. (1988) consider this to be true regarding 
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P. laevis infections of N. barbatulus. 
Other deleterious effects of acanthocephala on fish 
hosts have been investigated. Echinorynchs have been 
responsible for mass mortalities of fish both in cultures 
and in natural conditions (Rohde 1984). Prakash & Adams 
(1960) report extensive gut damage to Platichthys 
stellatus Pallas arising from infestations of 
Echinorhynchus lageniformis. The proboscis of the worms is 
usually deeply embedded in the intestinal submucosa, 
occasionally reaching the muscularis externa. The tissue 
around the insertion may form a collagenic capsule, 
depending on the degree of penetration. Similar 
granulomatous changes have been described by Paperna and 
Zwerner (1976) from striped bass (Morone saxatilis 
Walbaum) parasitised by Pomphorhynchus rocci. The effect 
of these infections has not been quantitatively assessed. 
5.2.2 NEMATODA 
5.2.2.1 NEMATODA: SEURATOIDEA, CUCULLANIDAE 
The most abundant nematode parasites of flounders from 
West Thurrock are the Seuratoideans Cucullanus minutus 
Rudolphi (plate XIa) and C. heterochrous Rudolphi (plate 
XIb), which infected up to 83% and 70% of P. flesus from 
West Thurrock respectively. 
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PLATE XIa. 
Cucullanus minutus. 
PLATE XIb. 
CuculJanus heterochrous. 
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PLATE XIIa. 
Cucullanus heterochrous. HEAD DETAIL. 
The characteristic broad head, 
oesophagus and prominent collarette 
visible. 
PLATE XIIb. 
UNIDENTIFIED JUVENILE ANISARID. 
muscular posterior 
are all clearly 
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Cucullanus heterochrous is common in many species and is 
a characteristic parasite of Baltic flatfish (MSller & 
Anders 1986). Despite this, less is known of the pathology 
of infections of this parasite. Möller (1976) states that 
this C. heterochrous feeds on the gut mucosa, so it might 
be expected that lesions of the gut wall may be caused by 
this nematode. Berland (1970) noted that the morphology of 
the head of this species was well adapted to feeding on 
the host's intestinal mucosa (plate XIIa). Ridges on the 
ventral walls of the pseudobuccal capsule may serve as a 
holdfast, allowing the parasite to pass food through the 
dorsal portion of the capsule while maintaining a strong 
attachment to the gut wall. 
There appears to be some temporal succession in the 
occurrence of Cucullanus species in the alimentary tract 
of flounders from West Thurrock. C. heterochrous is most 
abundant in fish caught between autumn and spring. In June 
the numbers of this species fall and C. minutus is found in 
very large numbers (up to 106 individuals per fish). A 
similar succession was observed by Möller (1974) in 
flounders from German waters, who noted that numbers of 
C. minutus were highest in summer months and those of 
C. heterochrous highest in the winter. This seasonality 
also seems to occur in other host species. Wickins & 
Macfarlane (1973) examined plaice caught in winter from 
several sites in the North Sea. 100% of the fish from all 
sites were parasitised with C. heterochrous. 
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The infection intensity and prevalence of C. heterochrous 
from West Thurrock varied irregularly (fig 5.8a). Both 
parameters reached a maximum in October 1988 that was 
considerably higher than other years. No pattern other 
than the general increase of this parasite in winter 
months was discernable. 
The cyclicity of C. minutus infections is more pronounced 
than that of C. heterochrous (fig. 5.8b). Both the 
prevalence and intensity of this parasite are low 
throughout the year, with a very rapid increase in early 
summer. The maxima of both parameters occur in August, 
with a mean of 7.3 parasites per fish and 79.7% of the 
population infected in this month. 
The intermediate hosts of C. minutus are not known, but 
the list is thought to include planktonic invertebrates as 
the first intermediate hosts and young pleuronectids as 
second intermediate hosts (Rohde 1984). Though both these 
taxa have been isolated from the gut contents of flounders 
from west Thurrock, they do not comprise a large enough 
portion of the diet to account for the rapid increase in 
infections of C. minutus in summer (see chapter 4). The 
possibility of infection by direct ingestion of the larval 
parasites has been discounted due to the inability of the 
larvae to penetrate the gut wall of freshly killed 
flounders (MacKenzie & Gibson 1970). 
Competition between C. minutus and C. heterochrous is 
probably responsible for the asynchrony of the infections 
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Fig. 5,8 CUCULLANID PARASITES OF FLOUNDER 
A. Cucullanus heterochrous Rud, 
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of these two parasites. C. minutus develops quickly once it 
enters the gut lumen and matures in the summer (MacKenzie 
& Gibson 1970). It dies a few months later, in the autumn, 
freeing niches and resources for C. heterochrous which dies 
between late winter and summer. MacKenzie & Gibson 
observed that when these two species occurred concurrently 
in flounders from the Ythan, C. heterochrous was found 
further towards the rectum than usual, probably due to a 
degree of direct competition for space in the intestine of 
P. flesus. 
It has been suggested by Rohde (1984) that the longer And 
more variable lifespan of C. heterochrous accounts for the 
ill defined cyclicity of the infections of this species 
compared to those of C. minutus. However, the life history 
of C. heterochrous has not been fully elucidated, so this 
view is somewhat subjective. 
In both species, the eggs pass out with the faeces and 
sink to the substratum where they embryonate. The larvae 
are free living and very active (MacKenzie & Gibson 1970). 
The first three larval stages of C. minutus have been 
found in the gut wall of P. flesus and the adults in the 
lumen. Janiszewska (1938) noted pathological changes 
similar to inflammation of the submucosa associated with 
all three of these larval stages. The earliest symptoms 
are described as bleeding at the intestinal surface, 
destruction of the mucous epithelium and vasodilation of 
the capillaries at the periphery of the mucosa and of the 
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blood vessels of the submucosa. Adjacent to the muscularis 
the submucosa is infiltrated with haemolysed erythrocytes. 
Towards the middle, infiltration of small lymphocytes and 
small necrotic foci is observed. The larva is usually 
found outside the inflamed area, in the lumen of the blood 
vessels prior to becoming encysted. Later larvae are 
partly in the serosa, surrounded by connective tissue and 
infiltrated with lymphocytes. Janiszewska also observed 
that many flounders showed inflammation of large areas of 
the submucosa. In the centre of this inflammation was a 
cavity partially filled with necrotic granulation tissue 
containing the larva. Once the larva has migrated into the 
lumen, host tissue is regenerated. This rapid healing 
process probably accounts for the fact that specimens of 
p. flesus caught at west Thurrock were healthy, even with 
over 100 adult C. minutus in the gut (table 5.3). MacKenzie 
& Gibson found up to 213 C. minutus and 180 C. heterochrous 
per fish in flounder from the Ythan, and reported no 
obvious deleterious effects of these parasites. 
5.2.2.2. NEMATODA: ANISAXIDAE 
Hysterothylacium aduncum (often reported in the past as 
Contracaecum or Thynnascaris) is a common parasite of 
European marine fishes. Möller & Anders (1986) describe it 
as the most frequently found adult nematode in north 
1L8 
Atlantic fish. Though fairly common in flounders from West 
Thurrock, it was not as abundant as cucullanid nematodes 
and never occurred in mean intensities of over 0.6 
parasites per fish. Peak infection intensity was in late 
spring (fig. 5.9a), though this trend is not apparent in 
1989 due to lack of data for April and May. Peak 
intensities are followed by decreases in prevalence in the 
summer, possibly due to the mortality of the most heavily 
parasitised individuals.. 
Immature anisakids of uncertain genera were also found 
in the guts of flounders from West Thurrock (plate XIIb). 
Infection intensity was highest in October, reaching a 
maximum of 1.9 parasites per fish. The magnitude of this 
maximum declined from 1988 to 1990 when 1.2 parasites per 
fish were recorded. Prevalence varied in a less constant 
fashion, with no clear cyclicity observed (fig 5.9b). This 
confused pattern is probably due in part to the co- 
occurrence of several species of larval anisakids which 
all have different intermediate hosts and life histories. 
The difficulty in ascribing a specific identity to these 
larvae precludes the identification of patterns of 
infection for individual anisakid species. As a result, 
the useful information imparted by this data is limited. 
No deleterious effects of anisakid infections were 
detected in the flounders examined. There was no reduction 
of condition factor in parasitised fish, nor any increase 
in external disease prevalence. Fig 5.10 shows the 
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Fig. 5.9. ANISAKID INFECTIONS IN FLOUNDER 
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Fig. 5.10. CONDITION FACTOR OF FLOUNDER 
PARASITISED BY ANISAKID NEMATODES. 
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condition factor (K) of flounders parasitised by anisakid 
nematodes. Superficially, the data indicates that more 
heavily parasitised fish have a higher K. However, due to 
the large standard deviations of the means this trend 
cannot be considered significant. The mean values of K for 
all parasitised fish lie inside the standard deviation of 
the mean K of uninfected flounders. The small number of 
fish with 6 or more anisakid parasites further reduces the 
statistical significance of these data points. 
Some anisakids have been shown to cause severe harm to 
their hosts. Petrushevsky & Kogteva (1954) demonstrated a 
reduction in the condition factor by up to 30% in Baltic 
cod (Gadus callarias) infected with Contracaecum aduncum, 
which Rohde (1984) suggests was probably misidentified 
C. osculatum as opposed to X. aduncum. A high degree of 
taxonomic confusion still exists concerning several 
anisakid genera; namely Hysterothylacium, Iheringascaris, 
Contracaecum and Phocascaris. This is largely due to the 
extreme difficulty in distinguishing their larvae. Möller 
& Anders (1984) go as far as stating that the larvae of 
the latter two genera are indistinguishable. One result of 
such uncertainty is that Rohde considers records of 
H. aduncum from the Baltic to be in fact C. oaculatum. 
The lifestyle of H. aduncum is uncertain, but it is 
likely to follow the pattern proposed by Norris & 
Overstreet (Reported in Rohde 1984): Eggs released from 
adults in a definitive host embryonate on the substratum. 
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The second stage larva is free-living and eaten by an 
invertebrate or small fish, where it develops into a third 
stage larva if the intermediate host is suitable. This 
larva is infective to the definitive host. Some 
invertebrates can act as transport hosts, without larval 
development of the parasite occurring. Hosts of this type 
(such as some copeopods) are the infective links to 
planktivores that would not normally encounter the second 
stage larva (e. g. Clupea harengus L. ). For many Anisakids 
both fish and invertebrates may serve as paratenic hosts 
maintaining infective larvae, usually in specific sites 
according to host and parasite species. The third or 
fourth stage larvae then mature in the gastric tract of a 
definitive host. Möller & Anders (1986) state that stage 
in larvae of If. aduncum are found in the body cavity of 
both benthic and planktonic invertebrates, as well as the 
mesenteries of fish hosts, but do not elaborate further. 
Norris & Overstreet's list of invertebrate intermediate 
hosts of Hysterothylacium app. does not contain any 
species found in the gut contents of flounders from West 
Thurrock preventing elucidation of the life cycle and 
infection routes. However, this list cannot be assumed to 
be exhaustive and further work on estuarine benthos is 
needed to identify intermediate and paratenic hosts of 
H. aduncum. A comprehensive study of nematode parasites in 
p. flesus also requires that the taxonomic confusion 
regarding some anisakid genera be resolved. 
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5.2.3 DIGENEA 
One species of adult digenean trematode was isolated 
from the alimentary tract of flounders from West Thurrock. 
Its occurrence was infrequent and only low infection 
levels were observed. It was not possible to identify 
these specimens accurately but all appeared to be 
Podocotyle sp. 
Knowledge of certain aspects of the biology of 
trematodes can assist in ascribing a possible identity to 
this parasite. Dawes (1968) states that P. atomon Odhner 
utilises amphipods of the genus Gammarus as the 
intermediate host. This is corroborated by Doigel et al. 
(1958) who reported 100% of the flounder population of the 
White Sea were infected with this parasite. Up to 2000 
trematodes per fish were recorded. MacKenzie & Gibson 
(1970) recorded P. atomon and an unidentified Podocotyle 
species from flounders in the Ythan. 
G. zaddachi, as previously stated is a common food of 
flounders from the Thames Estuary and may serve as 
intermediate host for P. atomon as it does for 
acanthocephala. Furthermore Rohde (1984) points out that 
trematodes can act as environmental indicators, quoting 
Soviet work by Zhukov & Strelkov from 1959 identifying 
P. atomon as a coastal species. It must be acknowledged, 
however that such circumstantial evidence is in itself 
insufficient. 
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Metacercariae, probably of Cryptocotyle lingua Creplin 
have also been found occasionally on the fins and skin of 
flounders during this investigation, but the very low 
prevalence of the parasite creates difficulties in 
elucidating any pattern of infection. Van den Brook (1977) 
recorded 71% total prevalence of C. lingua metacercariae in 
P. fiesus from the Medway, while it was completely absent 
from populations of juvenile sole Soloa solea L. in the 
Thames (Feil 1989). He suggested that the low prevalences 
were due to the absence in the inner tideway of the first 
intermediate host, gastropods of the genus Littorina. -No 
littorinids were found in the gut contents of flounders 
from the Thames, though other small gastropods (Hydrobia 
ulvae Pennant) were. This implies that littorinids are 
suitable food for flounders, but are rare in the area of 
the estuary where P. flesus feeds. Had they been present at 
the feeding grounds they would have been included in the 
diet and infection prevalences of C. lingua may have been 
higher. 
5.3. SUMMARY & CONCLUSIONS. 
Three ectoparasite and at least four endoparasits 
species were found parasitising flounders from west 
Thurrock. The number of anisakid nematode species could 
not be determined due to difficulties in identification 
and confused taxonomy. 
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Generally, a relationship between fish length and 
parasite burden was observed, smaller (i. e. younger) 
flounders having fewer parasites and being less often 
infected. This may be related to the surface area 
available for ectoparasitic settlement and attachment. 
Juvenile flounders will have also been exposed to the 
infective stages of endoparasites less often than adults. 
No clear relationship between disease and parasitic 
infection was established, though the small abrasions 
caused by the copepod Lepeophtheirus pectoralis may 
facilitate infection by FLV (fish lymphocystis virus). 
There is some evidence for succession amongst nematode 
parasites, with Cucullanus heterochrous being a winter 
species and C. minutus dominating the endoparasitic fauna 
in summer. This may be an adaptation to reduce 
interspecific competition. 
The clear understanding of host-parasite systems relies 
on accurate identification of all the species involved. 
The taxonomic confusion regarding some anisakid genera 
must be resolved if the status of anisakid infections in 
Thames flounder is to be accurately assessed. Only then 
can any potential impact of pollution be evaluated. 
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6. DISEASE IN P. flesus. 
6.1 INTRODUCTION. 
Disease has been variously defined by different workers 
in the field. Typically, Kinne (1984) defines it as "a 
demonstrable, negative deviation from the normal state 
(health) of a given organism". These deviations may be 
functional or structural, and are often of multifactorial 
aetiology. This definition is considered somewhat 
inappropriate, in that even a challenge adequately met by 
the host's immune system can result in "negative 
deviations". The use of cell mediated immunological 
bioassays is an example of such changes (see section 
6.3.2). 
The effects of natural disease prevalences are most 
significant at the population level. Kinne states that 
disease acts as a competitive and stabilising mechanism, 
regulating host populations. Disease can thus be 
considered to be to be a major denominator of the 
evolutionary process. 
6.2 DISEASE SYMPTOMS. 
For the purposes of this study, only externally visible 
diseases with a gross pathology were considered. This 
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implies that the fish were challenged beyond their natural 
ability to counteract, and the danger of measuring what 
could be a simple compensatory change is avoided. 
- Furthermore if fish disease is to be useful as a 
monitoring tool, simple methodology is desirable. A larger 
number of fish can thus be examined in a limited time, and 
more rigorous statistical analyses of the data can be 
performed. 
6.2.1 OVERALL LEVELS. 
6.2.1.1. OVERALL DISEASE PREVALENCE. 
The change in overall disease prevalence of P. flesua 
with time shows few distinct trends or cycles (fig 6.1, 
see appendix 3 for full data). The combination of several 
distinct diseases with differing aetiology results in a 
confused pattern. 
A more useful representation is obtained by constructing 
a three dimensional surface plot considering three 
variables. Time, fish length and disease prevalence are 
used as the X, Y and Z axes respectively. Fig. 6.2 shows 
the change in disease prevalence with time for flounders 
of various length. Larger fish generally exhibit higher 
disease prevalences than smaller (and therefore younger) 
ones. The relatively low disease prevalence of large fish 
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Fig. 6.2. DISEASE PREVALENCE IN FLOUNDERS FROM WEST THURROCK, 
1986-1990. 
This 3-D plot is achieved by kriging, then smoothing the 
resultant grid of disease prevalence data with a cubic spline. 
This method can distort the maxima and minima of the data set, 
though it is more accurate than the inverse distance algorithm. 
As a result, the z-axis (Prevalence) does not strictly reflect 
observed disease prevalence. The principal strength of this type 
of graphical representation is the ease by which relative 
prevalences may be compared and the clear depiction of transient 
events. 
Disease prevalence is calculated as % of each 5cm size class 
diseased. 
The labels on the x-axis (Time) correspond to the months 
October, January, April and July. 
The labels on the y-axis are the median lengths of the 
subsequent 5cm size classes to the nearest cm. 
Data prior to October 1987 courtesy of P. Johnston. 
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(over 30cm) is probably a statistical artefact due to 
their scarcity. If only midsized (approximately 17cm) 
flounders are considered, then peaks of overall disease 
prevalence are observed in winter months. This may be due 
to increased competition for limited food resources. 
Though the dietary condition of the fish is lower in 
winter, the correlation of Fulton's K to disease 
prevalence is not significant (T = 1.012, p-0.32). It is 
nonetheless probable that the reduced condition of the 
flounders indicates a state when the energy required to 
meet the challenge of a pathogen is less readily 
available. A similar process is thought to affect the 
disease prevalence of P. flesus in the Elbe estuary (Haller 
1984). The increased disease prevalence observed in winter 
is probably not related to water quality, as dissolved 
oxygen levels are highest at this time (see section 
1.3.2.1). 
A statistical tool for comparing relative disease 
prevalence was described by Dethlefsen et al. (1987). This 
consists of a control chart statistic to determine the 
significance of differences between spatially or 
temporally discrete observations of disease prevalence. 
The variable is expressed in standard deviation units (a). 
Those values that lie outside the one unit range are 
considered significant. The statistic is calculated using 
to equation 6.1: 
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6.1... R= 
-f ([p 
Where R is 
p is 
_ 
p is 
and n is 
PP 
(1 - p)] + n) 
the relative prevalence, 
the actual prevalence, 
the weighted mean prevalence 
the number in the sample. 
A feature of this equation is that a weighting factor is 
applied to larger samples. Because the Population of 
P. flesus fluctuates markedly, this must be borne in mind 
when interpreting data calculated using this method. The 
relative disease prevalence in samples of flounder from 
West Thurrock between November 1986 and October 1990, 
calculated according to the control chart method is shown 
in fig. 6.3. Disease prevalence from November 1986 to 
1987 was generally higher than in subsequent years, though 
the significant maxima (i. e. those values iv greater than 
the average) occurred in November and December 1986, July 
1987 and November 1988. From 1988 to 1990 a midsummer 
reduction in disease prevalence was observed, probably due 
to the arrival of largely disease free new recruits into 
the estuary combined with increased competition for food 
during winter. Significantly lower than average disease 
prevalences were recorded during June 1989, July 1990 and 
September 1990. 
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The discontinuity of these peaks observed in fig. 6.2 
suggests a "noisy" system, in which many of the events are 
short-lived. This underscores the importance of a frequent 
sampling regime to ensure the resolution of the data set 
is sufficient to record these changes. If the same data is 
plotted at half resolution (i. e. omitting every second 
sample) the observed trends differ markedly (see fig 6.4). 
The winter maxima of disease prevalence for mid-sized 
flounders becomes less clear. 
Data on overall disease prevalence is of limited value 
in biomonitoring applications. Not all symptoms are of 
equal significance, and trends may be masked by 
fluctuations due to population changes or epizootics. 
6.2.1.2 OVERALL DISEASE INCIDENCE. 
To further investigate the dynamics of disease in a 
population, an approximate measure of disease incidence 
may be calculated as follows : 
6.2... In P(t2) - P(t1) 
Where I is incidence, 
P is prevalence, 
(t1) is time 1, 
and (t2) is time 2. 
Thus disease incidence is the change in prevalence with 
time. The resultant graph (fig 6.5) shows midsummer minima 
similar to those in the graph of prevalence (fig. 6.1). 
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Fig. 6.4. DISEASE PREVALENCE OF FLOUNDERS FROM WEST THURROC}C. I 
1986-1990. (HALF RESOLUTION). 
Details as for fig. 6.2. 
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The reduced resolution of the data obtained during the 
summers of 1989 and 1990 introduces some distortion, and 
minima are not as clearly defined as those occurring in 
1-987 and 1988. 
When the elevated prevalences of 1986 to 1988 are 
translated into incidence they show fluctuations that were 
not apparent in the prevalence data, particularly during 
the winters of 1988- 1989 and 1989-1990. The presence of 
small sample sizes (n < 30) in some winter months is 
probably responsible for some of the scatter present. 
6.2.2. INDIVIDUAL DISEASE SYMPTOMS. 
6.2.2,1. ULCERS AND LESIONS. 
The aetiology of epidermal ulcerations is poorly 
understood. It is thought that a variety of microsporidian 
and bacterial genera are associated with this condition 
(Conroy 1984, Frerichs 1989), but little research has been 
conducted on the specific aetiology of haemhorragic 
lesions and ulcers. Dyner et al. (1984) attempted to 
identify strains of microorganisms associated with ulcers 
of cod, flounder, sprat and herring in the Baltic Sea. The 
genera Aeromonas, Staphylococcus, and Xoraxella were found 
associated with fish skin. The authors considered the 
latter genus to be pathogenic, but did not attribute any 
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aetiological significance to the isolated bacterial 
genera. 
Several important points emerge from examination of the 
distribution and dynamics of ulcerations in flounders from 
liest Thurrock. 
The prevalence of this symptom is higher in older and 
larger fish (Table 6.1). This may be due either to a 
potentially longer exposure to pathogenic agents in older 
fish, or a larger area for the pathogens to attack in 
larger fish. This relationship has also been found in 
Dutch waters (Vethaak 1985), the Elbe Estuary (Köhler & 
Hölzel 1980, Moller 1983,1984,1990), the North Sea 
(Bucks et al. 1983a, Dethlefsen 1980,1984,1988b, 
Dethlefsen et a1.1987) and the outer Thames (Bucks et al. 
1983b, Johnston & Feil 1987,1988). As a consequence, no 
clear cyclicity is observed in the dynamics of the 
prevalence of this disease (fig 6.6a). In summer months 
the overall prevalence declines, probably due to the 
influx of new recruits and the absence of mature breeding 
fish. However, the prevalence of ulcerative lesions in 
fish of over 20cm total length increases at this time. For 
example, in June 1987 all flounders over 30cm long had 
epidermal ulcers (see appendix 4). The scarcity of 
flounders over 25cm long at West Thurrock prevents 
meaningful analysis of the prevalence of ulcerations in 
fish of this size class. 
Cyclicity is more apparent in the changes of incidence 
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Fig. 6,6a ULCER PREVALENCE IN FLOUNDER 
Platichthys flesus L. FROM WEST THURROCK 
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Fig. 6.6b ULCER INCIDENCE IN FLOUNDER 
Plat/chthys flesus L. FROM W. THURROCK 
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of this symptom than in the changes in prevalence. The 
incidence' of epidermal lesions and ulcers increases in 
late winter to early spring and again in late summer to 
autumn (fig 6.6b), as adult fish congregate in the estuary 
before and after the spawning migration. The summer 
population largely consists of juveniles with lower 
disease prevalences and thus disease transmission is 
reduced. This is reflected in a low lesion incidence. The 
peaks of lesion incidence also coincide with peaks in mean 
age (fig 6.7), indicating the presence of a higher 
proportion of older fish during periods of high disease 
transmission. This is consistent with larger flounders 
having higher prevalences of epidermal ulcerations. 
Furthermore, the reduced dietary condition of flounders 
during winter may make them more susceptible to infection. 
A significant correlation exists between dietary condition 
and the intensity of epidermal ulceration (R =. 861 ,p 
<. 005). However, the January peaks coincide with very 
small sample sizes (mean sample size 18 fish, range 6 to 
37) so it is possible that these maxima are artificially 
high. The low temperatures and small resident population 
found in the estuary in winter months are generally 
thought to lessen the transmission of disease (Möller and 
Anders 1986). This seems to be only partially true of 
flounders at west Thurrock. The age structure of the 
population seems to be more important than the population 
density, with reduced disease transmission occurring 
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during periods when younger fish are more common. The 
increased dietary condition of flounders in summer 
suggests a greater metabolic reserve that can be utilised 
to provide energy for meeting pathogenic challenges. 
Ulcerations and epidermal lesions have been reported 
from a wide variety of marine fishes, and it likely that 
the dynamics of this symptom differ between species and 
localities. In the Irish Sea bib Trisopterus luscus L., 
plaice Pleuronectes platessa L. and dab Limanda limanda L. 
all display this symptom (Perkins et al. 1972, Bucke et 
al. 1983c). In the Elbe estuary flounder, plaice, eels, 
smelt, sole Solea solea L. and sea scorpion Taurulus 
bubalis Euphrasen have been observed with ulcers (Köhler & 
HSlzel 1980, Möller 1983,1984). In the North Sea 
Dethlefsen et a1. (1980,1984,1987), Wolthaus (1984) and 
Dethlefsen (1988) have investigated the prevalence of 
ulcers in dab and cod, Gadus morhua L. while further 
south near Calais, Newell et al. (1979) found epidermal 
anomalies in dab. In the Thames estuary itself, Johnston & 
Feil (1987,1988) reported high prevalences of ulcerations 
in flounder caught at West Thurrock. Bucke et al (1983b) 
investigated the diseases of six fish species in the outer 
estuary. Of these, five (flounder, sole, cod, dab and 
plaice) displayed lesions on the body surface. This 
condition is by no means confined to European waters. 
Zikowski et al. (1987) observed ulcerations in a variety 
of commercially important fish species on the Atlantic 
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seaboard of the U. S. A. These included yellowtail flounder 
(Limanda ferruginea Storer), winter flounder 
(Paeudopleuronectes americanus Walbaum), summer flounder 
(Paralichthys dentatus L. ), witch (Glyptocephalus 
cynoglossus L. ), American plaice (Xippoglossoides 
platessoides Fabricius), cod, haddock (Kelanogrammus 
aeglefinus L. ) and red, white and silver hake (Urophycis 
chuss Walbaum, U. tenuis Mitchill and Kerluccius bilinearis 
Mitchill respectively). 
6.2.2.2. FIN ROT. 
The prevalence of fin rot in Thames flounders follows a 
similar pattern to that described above for ulcerations. 
Minima in disease prevalence were observed during the 
summers of 1988,1989 and 1990 (fig 6.8a). Maximum fin rot 
prevalences were recorded in December 1987, January 1989 
and November 1989 (see appendix 5 for data). The cyclicity 
of fin rot prevalence is more clearly defined than that of 
epidermal ulcerations. 
Older and larger fish are more diseased, though the 
overall prevalences are lower for this disease than for 
ulcers (table 6.1). As with epidermal ulcerations, the 
reduction in overall prevalence of fin rot during summer 
is probably due to the shift in population structure from 
older to younger fish, combined with an increase in 
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Fig 6.8a FIN ROT PREVALENCE IN FLOUNDER 
Platichthys flesus L. FROM WEST THURROCK 
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dietary condition. The latter factor is probably less 
important, as no: significant correlation exists between 
condition factor and fin rot prevalence. Somewhat 
surprisingly, the minimum fin rot prevalence in the summer 
of 1988 was less pronounced than in 1989 despite the fact 
that the 1988 0-group was stronger than the 1989 0-group 
(see section 3.3.1). 
Little additional information is gleaned from 
calculating the changes in incidence of this disease (fig. 
6.8b). The winter peaks of fin rot prevalence observed in 
fig. 6.8a are reflected by coincident high disease 
incidences, but beyond that no pattern is discernible. 
Fin rot probably shares some aspects of its aetiology 
with epidermal ulcerations. In several instances, the two 
conditions are observed on the same fish. A lesion on the 
margin of the body can continue into the fin uninterrupted 
(see plate IVa), and in some samples all the fish with fin 
rot also suffered from epidermal ulcerations. Möller and 
Anders (1984) consider both these symptoms to be 
"environmentally significant", but do not qualify the 
statement. Wedemyer and Goodyear (1984) suggest that fin 
rot may indicate that tolerance limits to stress have been 
reached. They attribute the disease to bacteria of the 
genera Aeromonds and Pseudomonds. 
Despite the difficulties in quantifying the prevalence 
and severity of fin rot (see section 2.2.1.1), attempts 
have been made to use this disease as a bioindicator of 
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pollution in North America. Ziskowski et a1. (1987) 
concluded that the prevalence of fin rot in flatfish and 
roundfish was higher in areas near major industrial and 
domestic development in the Northwest Atlantic. 
None of the recent studies conducted in European waters 
suggest a similar relationship. This disease is considered 
by ICES to be unsuitable as a monitoring tool due to 
problematic diagnosis. despite prevalences as high as 
13.5% in the outer Thames (Bucke et al. 1983b). 
6.2.2.3. LYMPHOCYSTIS. 
Lymphocystis is probably the disease that Konrad Gesner 
identified as "fish pox" in 1593, and it was certainly 
known (though misidentified) from flounders in British 
waters last century. Cunningham (1896) reported that: 
"Another erroneous theory of fishermen is that 
the flounder carries its eggs on its back. This 
is known to be true of the Surinam toad, but is 
not true of the flounder. This fish in rivers 
where the water is fresh or nearly so, is 
frequently affected with a curious disease of 
the skin, which consists of the presence of a 
number of small tumours, having somewhat the 
size and appearance of millet seeds ... I myself 
saw numerous cases of it in the flounders taken 
in the stow-nets in the Forth at Alloa". 
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Since the identification of this condition as a disease in 
1874 by Lowe, lymphocystis has been found in over thirty 
families of marine fish (Wolf 1984). Anders & Darai (1985) 
showed that the size variation and distinct host 
specificity of the virions was due to distinct FLDV 
strains. Among pleuronectid flatfish, one strain is found 
in plaice and flounder while another is found in the dab. 
Both the prevalence (details in appendix 6) and 
incidence of lymphocystis in flounders from the Thames 
estuary are clearly cyclic, and increase in the autumn to 
winter period (fig 6.9a). All the major peaks in 
prevalence of this disease are preceded by peaks in 
prevalence of epidermal lesions and infections by the 
caligid copepod Lepeophtheirus pectoralis (fig 6.10). The 
lesions caused by caligid copepods affect a smaller 
surface area than acute epidermal ulcerations, which are 
therefore probably more important in the transmission of 
lymphocystis. 
The graph of changes in incidence of lymphocystis (fig. 
6.9b) reflects the cyclicity of the prevalence of this 
disease. The incidence of lymphocystis in flounders from 
West Thurrock is lower than that of either ulcerations or 
fin rot, despite the fact that fin rot prevalances are 
very similar to those of lymphocystis. This indicates that 
the onset of elevated lymphocystis prevalences is less 
sudden than in other diseases, which appear more acute. 
Wolf (1984) states that water borne transmission is the 
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Fig, 6,9a LYMPHOCYSTIS PREVALENCE IN 
Platichthys flesus L. FROM WEST THURROCK 
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principle means of the spread of this disease. The virus 
enters through wounds and abrasions on the body surface or 
across the gills. The role of metazoan parasites in 
transmission has not been fully investigated, though it 
might be supposed that small lesions (such as those caused 
by Lepeophtheirus pectoralis) could be an important site 
of virus entry. 
Due to the ubiquitous nature of the virions and their 
ease of transmission, lymphocystis outbreaks can exhibit 
epizootic characteristics. This is true to a lesser extent 
with other viral diseases of fish, such as infectious 
pancreatic necrosis (IPN) (McAllister 1984). It can spread 
very rapidly, and shows a high degree of long term 
variability. Reiersen & Fugelli (1984) investigated the 
prevalence of this disease in adult flounders from 
Oslofjord between 1978 and 1982. Prevalences varied from 1 
to 57%, though they were generally lower in summer months. 
Sindermann (1979) has associated this disease with 
pollution of the marine environment, but there appears to 
be little evidence to corroborate this view. 
Lymphocystis has one of the widest distributions of any 
fish disease and is found worldwide in marine, brackish 
and freshwater environments. Infected fish show 
characteristic nodules usually on the fins and body 
surface which are composed of fibroblastic cells 
undergoing massive hypertrophy induced by the fish 
lymphocystis disease virus (FLDV). FLDV shares the double 
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stranded DNA genome and icosahedral shape of the 
Iridoviridae and has been placed in the genus cystivirus 
(Anders & Darai 1985). The effects of this disease are 
largely superficial, and behaviour of infected fish is 
normal (Wolf 1984). 
6.2.2.4. SKELETAL ABNORMALITIES. 
Skeletal abnormalities were only twice encountered 
during the course of this investigation. Both cases 
involved spinal displacement; one a lordosis (dorsoventral 
deformation) and the other a scoliosis (lateral 
deformation). Both fish were caught in summer months, when 
the sample size was large. The fish with lordosis was 
caught in June 1988 (n=348) and the specimen with 
scoliosis in July 1988 (n=436). 
Skeletal deformities may be confused with deformations 
produced by parasitised muscle (Mdller & Anders 1986). 
Their precise aetiology is unknown and is usually presumed 
to be genetic or phyisico-chemical in nature, though some 
yeast-like fungi have been associated with osteomas in 
tropical fish. 
Skeletal abnormalities have been associated with vitamin 
C deficiency as well as sublethal environmental stressors 
(Sindermann 1979, Wedemyer & Goodyear 1984). Both heavy 
metal salts and herbicides have been shown to induce 
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skeletal deformations in the laboratory (Bengtsson 1974, 
Möller & Anders 1986). 
Möller & Anders (1986) state that most skeletal 
anomalies in fish are acquired during the embryonic and 
larval stages. They constitute a negative selection 
pressure and are expected to be less common in older fish. 
No experimental or monitoring data exists to either 
corroborate or refute this view. 
6.3. POLLUTION AND DISEASE IN THAMES FLOUNDERS. 
The link between aquatic pollution and fish diseases is 
not well proven, though some authors do not hesitate to 
describe certain pathologies as being caused by 
pollutants. Overstreet (1988) states that pollutants cause 
lesions and affect parasitic infestations in numerous 
finfish and shellfish species in the southeastern United 
States as well as in many other parts of the world. A 
summary of some non-neoplastic conditions thought to be 
induced by specific pollutants is given in table 6.2. 
Although there is no doubt that certain pollutants are 
able to induce fish diseases under experimental 
conditions, the demonstration of this effect under natural 
conditions is more difficult. In the study of flounders in 
the Thames, no direct cause and effect relationships 
between disease and pollution were demonstrable. A 
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possible indirect mode of action is proposed as follows: 
As previously stated, a highly significant correlation 
is found between condition factor and the number of 
epidermal ulcers present on diseased flounder from the 
Thames (R =. 861 p <. 005, graph 6.11). A similar 
correlation was established for nutritional factors and 
various external diseases of flounder in the Elbe by 
Möller in 1984. A second significant correlation is found 
between condition factor and mean monthly dissolved oxygen 
minima (R =. 60, p <. 05, graph 6.12). It is suggested that 
environmental hypoxia induces stresses that result in a 
reduction of condition. Weakened fish. are then more 
susceptible to the challenge of the bacteria that are 
associated with epidermal ulcerations and lesions. 
According to Dyner et al. (1984) these are generally 
Aeromonas, Micrococcus and Staphylococcus app, though 
Conroy (1984) has pointed out that the flora is highly 
variable. Frerichs (1989) supports the view that healthy 
fish are usually rendered susceptible to bacterial 
infections by the action of environmental stressors. 
Organic enrichment, high temperatures and low dissolved 
oxygen levels are all factors that he considers to favour 
the growth of bacterial populations. 
High concentrations of organic matter and elevated 
temperature can both result in environmental hypoxia and 
thus ultimately affect the health of flounders in the 
Thames tideway. Hypoxia in the tideway has long been 
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Fig. 6.11 ULCERATIONS IN RELATION TO K OF FLOUNDERS. 
This graph shows a log regression curve drawn over a 
scattergram of the number of ulcers on diseased fish 
plotted against Fulton's K. The strength of the 
correlation (R=0.86) is however largely due to a small 
number of extreme points representing individuals with 
either very low K and 6 or more ulcerations or fish with 
very high values of K and only one ulcer. If fish with 
only one or two ulcers (by implication smaller and younger 
individuals) are not considered, the correlation would be 
reduced, but the trend of a reduction in K with the 
increase in ulcerations would remain. 
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recognised as a major problem in the management of the 
Thames and is still a recurrent phenomenon (see section 
1.3.2.1). 
The comparison of disease prevalences from various sites 
is sometimes used to assess and compare pollution effects 
(e. g. Newell at al. 1979, Dethlefsen at al. 1987). This is 
of limited value due to differences in fish population 
structure, the synergistic effects of contaminant mixtures 
and incomplete understanding of the aetiology of some fish 
diseases. A single symptom may be caused by different 
pathogens; this is particularly true of bacterial 
diseases. Table 6.3 compares the levels of external 
diseases of flounders from European waters. A considerable 
variability is exists, even in U. K. waters. It becomes 
evident that the prevalence of external diseases of 
P. flesus cannot be used as an absolute indicator of water 
quality. More realistically, fish diseases may indicate 
water quality changes at a single site. 
6.4. CONCLUSIONS. 
Both environmental hypoxia and competition for food 
resources may lead to poor dietary condition, which is 
related to the intensity of epidermal ulcerations. 
Increased prevalence of lymphocystis may be related to 
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Table 6.3. COMPARISON OF EXTERNAL DISEASE PREVALENCES OF 
P. flesus FROM NORTHERN EUROPEAN WATERS. 
These data are obtained from the following literature: 
a. Bucke, D. Norton, M. G. & Rolfe, M. S. (1983b). 
b. Bucke, D. Feist, S. & Rolfe, M. (1983c). 
c. Johnston, P. & Feil, R. (1987). 
d. Mö11er, H. (1984). 
e. Perkins, E. J. Gilchrist, J. R. & Abbott, O. J. (1972) . 
f. Reiersen, L. -O. & Fugelli, K. (1984). 
g. Vethaak, A. D. (1985). 
h. Vitnish, M. & Baranova, T. (1976). 
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increases in the prevalence of ulcerations or heavy 
infections by the copepod Lepeophtheirus pectoral ja. The 
prevalence of epidermal ulcerations, and to an extent 
lymphocystis, are thus indirectly associated with 
estuarine pollution. 
It is important to distinguish between those diseases 
that are pollution associated as opposed to those that are 
pollution induced. Several pathological conditions 
including neoplasia can result from chemical exposure 
(Mawdesley-Thomas 1972, Mix 1985). However, similar 
symptoms can be due to hereditary disorders or infectious 
organisms (Overstreet 1988). 
Polluted environments that may be conducive to the 
induction of fish diseases may also be responsible for 
other less recognised changes at both organism and 
ecosystem levels. Pollution can influence the dynamics of 
disease in a given population by either acting as a direct 
causative agent or by affecting other members of the 
ecosystem. The latter mode of action is often difficult to 
monitor. Comprehensive knowledge of many aspects of the 
ecology of a particular fish species, its prey, predators 
and parasites is required in order to detect any 
perturbation. 
Despite a large and ever increasing body of 
circumstantial evidence concerning the detrimental effects 
of aquatic pollution on fish health, direct cause and 
effect relationships have as yet not been proven. This is 
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more a reflection on the statistical difficulty in 
demonstrating such relationships than on the importance of 
aquatic pollution in the aetiology of fish diseases. The 
significance of this from the viewpoint of environmental 
management is that the onus of proof should lie with 
industries intending to discharge effluents. Consents 
could then be limited to those wastes shown not to possess 
significant deleterious effects on the environment and its 
biota. 
The prevalence of all external disease in flounders from 
west Thurrock is closely related to population structure. 
Younger fish generally display lower disease prevalences. 
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7. STUDIES ON THE BEHAVIOUR OF P. flesue. 
7.1. INTRODUCTION. 
Rhythmic behaviour is one of the basic properties of 
living systems. A considerable diversity of biological 
rhythms exists with periods ranging from a few seconds to 
several years. Biological oscillations can be 
fundamentally differentiated into two classes: self 
sustained rhythms (such as heartbeat) and rhythms 
dependent on environmental stimuli. The latter type is of 
major ecological significance and includes behaviours as 
diverse as spawning in corals and vertical migration of 
zooplankton. 
Cyclic behaviour patterns are common in a wide variety 
of marine organisms. Short period cycles may be related to 
dial or tidal rhythms, or a combination of the two. 
Feeding, locomotion and air breathing activities in a 
variety of teleosts have been shown to be synchronised 
with cycles of the physical environment, most importantly 
with changes in illumination (Gibson 1973a, 1973b, 1976, 
1978, Müller 1978, Manteifel at al. 1978, Boujard at a1. 
1991). 
The complex and multifactorial nature of many rhythmic 
behaviour patterns renders detection of behavioural 
changes difficult and the identification of the cause of 
any changes even more so. To effectively utilise behaviour 
195 
as a monitoring tool the characteristics of the natural 
activity of an organism must be identified to allow the 
comparison of any experimentally induced deviations. 
7.2. MATERIALS AND METHODS. 
7.2.1. COLLECTION AND MAINTENANCE OF LIVE SPECIMENS. 
Flounders between 14 and 16 cm. long were collected from 
the holding pool at West Thurrock (see section 2.1. ) and 
transported in estuarine water back to the laboratory. 
They were then either placed in an aquarium (100 1. 
capacity) for immediate experimentation, or pre-treated in 
holding tanks. Whenever possible, fish were acclimatised 
in the test tank in order to minimise handling. The 
temperature was maintained equal to that of the estuarine 
water at the time of fish capture. The salinity of the 
aquarium was also adjusted accordingly. Aeration and 
filtration were achieved by means of an Interpet sponge 
filter. 
It has been shown that some flatfish, especially 
juvenile dover sole (Solea solea L. ) exhibit increased 
mortality from bacterial diseases if kept in bare tanks 
(Fonds 1985) and display an elevated respiration rate if 
deprived of a substrate in which to bury themselves 
(Howell & Canario 1987, Feil 1989). To eliminate these 
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effects, a 5cm deep layer of washed sand was placed in the 
bottom of all tanks. 
The fish were fed weekly with live Crangon crangon and 
Palaeomon elegans, supplemented by Corophium volutator and 
polychaetes introduced with the sediment and living in it. 
Food was not introduced to the test tank during 
experiments (i. e. while the video tape was recording). 
7.2.2. THE EXPERIMENTAL APPARATUS. 
The activity of the fish was observed using a time- 
lapse video system able to record up to 96 hours on a 
standard 4 hour VHS cassette. A Panasonic AG6010 VHS video 
cassette recorder and a Shibaden HV40SK camera with a 16mm 
Sony TV lens were connected to a Shibaden VM903 monitor. A 
date and time code generated by the VCR were 
simultaneously recorded on the video tape. 
A lighting system approximating the hours of daylight 
was in effect during the initial studies, with a 
background low level red light to allow the video camera 
to operate in the dark (fig. 7.1). 
The validity of using red light to simulate night has 
been questioned. The sensitivity of a particular fish 
species to long wavelength (red) illumination will depend 
on the curve of spectral absorbance of the two main visual 
pigments, rhodopsin and porphyropsin. In marine fish 
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rhodopsin is the dominant 
retinene-1 and is sensitive 
light (Boujard et al. 1991). 
is satisfactory except for 
auch as centrarchids that ha, 
as the sole visual pigment. 
7.2.3. EXPERIMENTAL DESIGN. 
pigment. This is based on 
to 500 nm wavelength (blue) 
Thus this illumination method 
use with certain fish groups 
re red sensitive porphyropsin 
For this investigation, flounders of between 14 and 16 
cm. in length were use to reduce intrinsic variability and 
overcrowding in the tank. One individual 7 cm. long was 
used on one occasion, but proved impractical as the 
resolution of the video image was of poor quality and it 
was only just discernible. 
In order to assess the persistance and variability of 
any cyclic behaviour, studies were conducted not only on 
freshly caught fish, but also on individuals acclimatised 
to the laboratory lighting regime for varying times and on 
dark acclimatised fish. 
The results of these tests over a period of 11.5 months 
were used to devise a procedure whereby a regular and 
predictable activity pattern could be obtained. This was 
necessary in order to carry out experiments on the 
potential behaviour modifying effects of contaminated 
sediments. 
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To investigate the effects of polluted sediments, the 
clean sand was replaced with mud from a wharf development 
in East London known to contain xenobiotics and high 
levels of heavy metals (Trett, pers. com. ). 
In a system of this type true hyperactivity (i. e. 
behavioural disfunction) and apparent hyperactivity 
arising from protracted avoidance behaviour are 
indistinguishable. The confines of the tank prohibit the 
successful conclusion of an avoidance reaction, while 
maintaining the stimulus or stimuli prompting this action. 
As a result, a series of short locomotor responses become 
concatenated and any increase in locomotor activity as 
part of avoidance behaviour is thus exaggerated. 
Consequently the responses of the fish cannot be 
quantified meaningfully, but these experiments serve to 
ascertain if a noticeable behavioural deviation is induced 
by the experimental variables. 
7.2.4. ANALYSIS OF THE VIDEO TAPE. 
The locomotor activity of P. flesus was measured by 
counting the number of seconds per half hour that the fish 
was swimming. The time code on the tape was used as a 
reference of elapsed real time and a stopwatch used to 
determine the total swimming time during playback. As the 
playback of the tape is faster than the recording time, 
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the total swimming time was multiplied by a suitable 
correction factor to calculate the actual time in seconds 
per half hour (sah-1) as follows: 
7.1""" A=SX tr 
tp 
where A is activity (s4h-1) 
S is measured swimming time (s/h-1) 
tr is recording time (h) 
and tp is playback time (h) 
7.3. THE EFFECTS OF LIGHT ON THE ACTIVITY OF P. flesus. 
Two experimental and three pre-treatment procedures were 
used to study the effects of different light conditions on 
P. flesus 
The combinations of procedures are summarised in table 
7.1. Flounders were initially observed freshly caught 
(i. e. with no pre-treatment) under cyclic illumination and 
in the dark. They were then acclimatised according to the 
test conditions for up to 7 days. Flounders initially 
observed in the dark were maintained in this regime and 
those observed under illumination were acclimatised to the 
laboratory light cycle. Further observations were made on 
acclimatised fish after 2 and 7 days. Observations were 
conducted both in the dark and under cyclic illumination 
on all fish, regardless of acclimatisation conditions. 
The experiments can thus be divided into two categories: 
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Table Ti. EXPERIMENTAL & PRE-TREATMENT REGIMES 
FOR OBSERVING THE ACTIVITY OF FLOUNDERS, 
ACCLIMATISATION REGIME EXPERIMENTAL CONDITIONS: 
DARK LIGHT CYCLE 
NONE 
DARK ,2 DAYS 
DARK, 7 DAYS 
* *' 
LIGHT 
CYCLE, 2 DAYS 
LIGHT 
C'YCL E, 4 DAYS 
LIGHT 
C'YCL E, 7 DAYS 
ASTERISKS DENOTE UTILISED COMBINATIONS. 
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those using artificial day/night cycles and those using no 
illumination visible to fish. 
7.3.1. BEHAVIOUR IN ARTIFICIAL LIGHT CYCLES. 
Four newly captured flounder of 14 to 16 cm. length 
observed under artificial day/night cycles exhibited weak 
periodic peaks of activity approximately 12 hours apart 
(fig. 7.2). The intervening period was characterised by 
discontinuous low level activity up to 250 S4h-1 (13.9% 
maximum swimming activity). The timing of the initiation 
of activity was mid-morning (09: 00 hrs. ) and dusk (20: 00 
hrs. ), but was not synchronized to the experimental 
illumination. The first evening peak was 34 hours long and 
exceeded 1700 S4h-1 (94.4%) followed by a morning peak 
that lasted 2 hours and only reached 650 S4h-1 (36.1%). 
The second evening peak was less clearly defined. No 
significant increase in activity occurred until 21: 30 
hrs., when a prolonged period of fluctuating activity 
ensued. Sharp peaks of over 1500 S4h-1 (83.3%) were 
interspersed with short spaces of inactivity for 84 hours. 
Activity ceased at 06: 00 hre, when the aeration apparatus 
failed. 
Fish acclimatised to the laboratory lighting regime for 
48 hours showed some evidence of periodic activity 
independant of illumination (fig. 7.3). The first two 
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major peaks of activity were separated by a period nearly 
equivalent to one tidal cycle. Activity commenced near the 
time that high tide would have occurred at the site of 
capture. Subsequently the frequency of activity peaks 
increased slightly. The third peak occurred two hours 
before high tide and the fourth peak four hours early, 
though part of the reason for this was due to disturbance 
of the flounders by a small specimen of Carcinus maenas L. 
that had accidentally been introduced into the tank. 
Partially buried resting flounders were disturbed as the 
crab walked over them. Peak activity levels reached a 
maximum of 1264 S4h-1 (70.2%). 
P. flesus acclimatised to an artificial light cycle for 
four days displayed no cyclic behaviour (fig. 7.4). The 
level of locomotor activity was decreased significantly in 
these fish compared to animals acclimatised for a shorter 
period, and never exceeded 112 S4h-1 (6.2%). This activity 
level is less than one tenth of that observed in fish 
acclimatised for only two days. 
Flounders acclimatised for 48 hours in the dark 
initially displayed cyclic behaviour synchronised with 
illumination (fig. 7.5). Locomotor activity was almost 
exclusively confined to the artificial daylight period for 
the first 24 hours. Subsequent periods of activity, though 
discrete, were not related to illumination level or tidal 
period. The maximum level of activity was 1200 S4h-1 
(66.6%), recorded over two seperate half hour periods. The 
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average length of activity period was 5 h. 
Fish acclimatised for one week in the dark exhibited 
only very slight cyclic activity. Peaks were observed at 
approximately 16 hour intervals, which decayed over 48 
hours from 650 S4h-1 (36.1%)to 139.2 S4h-1 (7.7%). A peak 
of 1262.4 S/h-1 (70.1%) was recorded 69 hours after the 
start of the experiment (fig. 7.6). No reason for this was 
apparent. 
7.3.2. BEHAVIOUR IN THE DARK. 
Freshly caught flounders transported from the site of 
capture in dark containers displayed a pronounced bimodal 
circadian rhythm with peak activities occurring at or near 
7: 00 and 19: 00 hrs. (fig. 7.7). The morning peaks were 
consistently higher and longer than evening peaks with the 
exception of the final peak which attained a maximum of 
1620 S h-1 (90%). This peak was less clearly defined, 
suggesting that cyclic behaviour may have started to decay 
by this time. The evening peaks averaged 1081.2 Shh-1 
(60.1%), the first two both being 44 hours long. Morning 
peaks averaged 1538.4 S4h-1 (85.5%) and were 5 and 8 
hours long. The interval of the modes of the activity 
periods remained regular (12 h. + 0.5 h. ), though the 
onset and length of these periods did not. Bouts were 
interspersed with quiescent periods of 3 to 7 hours 
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duration. 
Fish acclimatised for two days in the dark showed a 
similar behaviour pattern (fig. 7.8), though the activity 
peaks were not as clearly defined as in newly captured 
fish. 
After one week in the dark, no cyclicity is evident in 
the activity of P. flesus (fig. 7.9). Morning and evening 
peaks were still present but irregular, with additional 
non-cyclic activity peaks also observed. The maximum level 
of activity was comparable to that of newly captured fish 
(1291.2 Sh-1 cf. 1538 Sjh-1). However, the mean level 'of 
these bouts of activity was reduced to 820.8 Shh-1 (45.6%) 
compared to 1309.5 S%h-1 (72.75%) observed in newly 
captured fish. 
Flounders acclimatised in a cyclic lighting regime 
displayed a possible bimodal circadian rhythm when 
observed in continuous darkness for 38 hours, with peaks 
at 02: 00 and 14: 00 hrs. However, the activity of these 
fish was low, never exceeding 200 S%h-1 (fig. 7.10). 
7.3.3. DISCUSSION. 
These results show P. flesus in the Thames exhibits both 
tidal and bimodal circadian activity patterns which decay 
when the fish are kept in aquaria for periods of a few 
days. This implies that physical aspects of the natural 
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environment which are not replicated in the laboratory may 
act as motivators of cyclic activity. The most fundamental 
of these is the tide and its effects on water flow. 
The behaviour patterns of intertidal organisms are 
generally more closely associated with tidal fluctuations 
than those of offshore species, though the behaviour of 
some subtidal species is affected by tides if they feed 
intertidally as do numerous inshore fish species. Gibson 
(1976) investigated the activity rhythms of several 
species of juvenile flatfish and concluded that the cyclic 
behaviour of flounder was largely circadian, but modified 
by a Zeitgeber of tidal period. In the absence of such a 
stimulus the activity reverts to a true circadian pattern 
within 2 to 3 cycles. This is also true of juvenile plaice 
and turbot. 
In flounders acclimatised to an artificial illumination 
regime, tidal periodicity is initially evident and decays 
after 3 to 4 cycles. However, in experiments where 
flounders displayed a bimodal circadian rhythm in the 
dark, this decayed after approximately 3 to 4 days. The 
implication of this is that estuarine flounders do not 
possess intrinsic activity cycles (even circadian ones), 
but simply display patterns entrained by the variations of 
their natural environment. The absence of cyclic stimuli 
during pre-treatment and experimentation thus results in 
non-cyclic activity patterns being shown by P. flesus. 
older fish ( i. e. individuals that have been subjected 
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to tidal fluctuations for a considerably longer time 
period) may display more persistent tide related activity 
in the laboratory. The persistance of such rhythms can be 
related to the strength of the stimulus normally 
experienced in natural conditions. In the Baltic, where 
tidal fluctuations are slight, juvenile P. flesus do not 
exhibit circatidal rhythms in the laboratory (Gibson 
1978). 
The influence of cyclic changes in illumination is also 
evident. Flounders deprived of all cyclic stimuli (i. e. 
kept in the dark for a week) synchronised their activity 
to illumination when exposed to a "day/night" cycle. 
Similarly acclimatised fish displayed no cyclic behaviour 
when examined in the dark. 
Prolonged pre-exposure to an artificial lighting regime 
results in an ill-defined behaviour pattern, suggesting 
that light may not be the most important trigger of 
locomotor activity in flounders. This is in contrast to 
other inshore species such as the siluriform catfish 
Xoplosternum littorale Hancock (Boujard et al. 1991). 
It is possible that a combination of tidal fluctuation 
and changes in light are used as a synchronisation 
stimulus for fish activity cycles in natural conditions. 
" 
consequently, when deprived of any cyclic lighting regime, 
newly caught flounders displayed only a bimodal circadian 
activity pattern. When subjected to at least one cyclic 
variable, a tidal activity period was observed. 
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Manteifel et al. (1978) states that light is probably 
the most important motivator of activity cycles in fish. 
In middle latitudes (i. e. the temperate zone) light 
intensities can vary by a factor of 107 on a daily basis, 
thus providing a strong orientational stimulus. Light also 
plays a signal role, preceding biotic and physico-chemical 
changes in the environment. Even in polar latitudes, where 
illumination may vary by a factor of only 102, many fish 
species synchronise their behavioural cycles to light. For 
example Manteifel et al. (1978) demonstrated that the 
burrowing activity of Ammodytes hexapterus Pallas in the 
White Sea was related to changes in light levels. 
Whether light or tidal cycles exert the greater 
influence on the activity rhythms of flounders can only be 
fully determined by subjecting fish acclimatised in the 
dark to a combination of both artificial light and tidal 
cycles. The periodicity of locomotor activity will then 
correspond to the period of the stronger stimulus. 
7.4. BEHAVIOUR MODIFYING EFFECTS OF POLLUTION. 
7.4.1. THE EFFECTS OF CONTAMINATED SEDIMENTS ON P. flesus. 
The most regular and predictable activity cycles were 
those of newly captured fish or those acclimatised for 
short periods in the dark, observed without visible 
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illumination. Accordingly, this pre-treatment procedure 
was used to observe behavioural deviations produced by 
polluted sediments. 
Four flounders acclimatised to the dark in clean water 
for 24 hours were transferred to the test tank containing 
the contaminated sediment. 
One hour after the start of observations intense 
activity commenced, peaking at 1718.4 S/h-1 (95.5%, see 
fig 7.11). This period of activity lasted approximately 11 
hours and was followed by 30 minutes of quiescence and 
another 104 hours of activity. The second activity period 
peaked at 1660.8 S%h-1. (92.3%) Following this, no 
activity was observed for 1% hours. Activity recommenced 
at this time, but the tape ended 30 minutes later and no 
further data was obtained. The peak levels of these 
activity bouts is not in itself remarkable, as newly 
captured flounders have been observed to swim at levels of 
1620 S%h-1 (90%) when kept in darkness. However, the 
duration of the bouts of swimming activity is considerably 
increased in fish kept on contaminated sediment. Newly 
captured fish rest for approximately 12 hours. a day, and 
major activity bouts last approximately 5 hours (see fig. 
7.7). In flounders exposed to contaminated sediment, rest 
only occupies 211 hours per day, and activity bouts are 
doubled in length (see fig. 7.11). 
The interpretation of these observations is debatable. 
Increased locomotor activity can be due to one or more of 
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a variety of factors. The most obvious explanation is that 
exposure of the fish to the contaminants in the sediment 
caused hyperactivity. Several pollutants have been shown 
to directly induce hyperactivity in fish. Bengtsson & 
Larsson (1981) discovered that hyperactivity could be 
induced in flounders by oral exposure to DDT. A twenty- 
fold increase in activity was produced by 12.5 mg DDT kg-1 
wet weight after 5 to 7 days. This was attributed to the 
direct effect of DDT on the nervous system. A similar 
result was obtained by Ellgaard et al. (1977), who exposed 
bluegill sunfish (Lepomis macrochirus) to 0.008 to 0.2 ppb 
DDT in the water. Hyperactivity was irreversibly induced, 
with maximum effects observed after 8 days. Mosquito fish 
(Gambusia affinis) became hyperactive within 2 days of 
exposure to 0.2 ppm diflubenzuron (Ellgaard et al. 1979a). 
The onset of the increased locomotor activity observed 
in P. flesus from West Thurrock was more rapid than in any 
of the above experiments with single contaminants, 
occurring after one hour as opposed to several days. 
Swimming activity was increased approximately twofold, 
considerably less than that induced by oral exposure to 
DDT. This suggests that the increased activity of 
flounders observed in this study is a substantially 
different effect from the hyperactivity resulting from 
exposure to single xenobiotics, and that test organisms 
used were intrinsically more active than those used by 
Bengtsson & Larsson. 
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Numerous chemical contaminants do not induce 
hyperactivity in fish. Ellgaard & Gulliot (1988) observed 
that aqueous copper in concentrations between 0.4 and 0.04 
ppm induced hypoactivity in L. macrochirus. Crude oil 
produced similar, though more acute, effects on the same 
species (Ellgaard et al. 1979b). These data and the 
comparatively rapid increase in locomotor activity 
observed in Thames flounders exposed to contaminated 
sediments suggests that another mechanism may be involved. 
It is more likely that an avoidance response was 
initiated by exposing P. flesus to polluted sediment. The 
observed increase in locomotor activity would then be due 
to the impossibility of successfully concluding this 
behaviour. To further test this hypothesis, the 
persistance of the increase in locomotor activity on 
transfer to aquaria with clean sediment and water must be 
assessed. If fish revert to a more normal activity level, 
then the observed increase in activity was probably an 
avoidance response curtailed due to the cessation of the 
stimulus. If Increased locomotor activity persists, then 
true hyperactivity has been induced. 
Another cause of increased swimming activity is 
respiratory distress. Hughes (1981) states that heavy 
metals may reduce the efficiency of gas exchange of 
rainbow trout (Salmo gairdneri Richardson), partially due 
to the buildup of precipitates and mucus on the gills. 
Brafield & Matthiessen (1976) observed similar effects on 
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the three-spined stickleback Gasterosteus aculeatus L. and 
suggested that increases in ventilation and locomotor 
activity serve to wash off mucus and thereby increase gill 
ventilation. Whether this mechanism is also present in 
flounders can only be determined by more detailed study of 
the histopathology of the gills. 
Other behavioural changes in teleosts have been linked 
with pollutants. Drummond et al. (1988) investigated 
behavioural changes in the fathead minnow Pimephelas 
promelas. They concluded that the loss of schooling 
behaviour was the most sensitive behavioural indicator of 
pollution stress. A wide variety of chemicals were 
observed to induce this effect. These include ethers, 
alcohols, ketones, phthalate esters, urea, aldehydes, 
acrylates, phenols, halogenated benzenes, primary amines 
and carbamates. The last 6 categories also caused 
hyperactivity. Benthic species do not shoal and thus 
hyperactivity remains the most promising behavioural 
indicator, allowing a greater diversity of test species to 
be employed. Another disadvantage of using schooling 
behaviour as an indicator is a decrease in the flexibility 
of the design of experimental apparatus. Many non-visual 
motion detectors are not able to detect the loss of 
schooling behaviour, limiting the use of automated 
experimental systems that would otherwise facilitate data 
acquisition. 
It should be pointed out, however, that behavioural 
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changes are of limited use as indicators of chemical 
pollution. Certain compounds are toxic to teleosts but do 
not produce detectable behavioural anomalies. Ellgaard & 
Rudner (1982) demonstrated that aqueous lead acetate, 
which has a 96 hour LCso of 400 ppm for Lepomis 
macrochirus, did not alter the locomotor activity of this 
species at 300 ppm. 
7.4.2. THE EFFECTS OF HYPOXIA ON LOCOMOTOR ACTIVITY. 
During the course of two of the experiments on the 
effects of illumination on the cyclic activity of 
flounders the aeration apparatus in the experimental 
aquarium failed, the first time resulting in the 
mortality of all the specimens in the tank. The sublethal 
behavioural effects of this chronic and increasing hypoxia 
were recorded automatically by the time-lapse video. 
Despite the largely qualitative nature of these data, some 
interesting observations were made. 
On the first occasion, one 15 cm long fish and one 7 cm 
juvenile acclimatised to the dark for seven days were 
being examined in the absence of an illumination cycle. 
These fish had previously been observed to display 
discrete peaks of activity at 12 hour intervals. 
Forty seven hours after the start of the observations 
the aeration failed. Initially no reaction was observed. 
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Five hours after the cessation of aeration, the juvenile 
commenced vigorous swimming activity that persisted for at 
least 36 hours, when the tape ended. The activity level 
was over 500 s4h-1 (27.7%) and frequently exceeded 1600 
s/h-1 (88.9%, see fig. 7.12). This activity was 
concentrated near the tank walls. 
The larger fish did not become active for 11 hours after 
the failure of the aeration apparatus. In contrast to the 
smaller juvenile, the increase in locomotor activity 
ocurred in two distinct periods of similar duration 
(approximately 7/ hours), though the second period was 
somewhat discontinuous. Activity bouts were separated by 
an interval of 9/ hours. The activity level of the larger 
fish was lower than that of the small juvenile, not 
exceeding 1300 s/h-1 (72.2%). The differences between the 
activity patterns for these two fish is shown in fig. 
7.12. 
The second series of observations were made on 4 newly 
caught fish subjected to a cyclic illumination regime. The 
filter pump ceased operation 39 hours after commencement 
of the observations. One hour later, at the artificial 
"dawn" it became apparent that the white light source had 
also failed. 
All four specimens of P. flesus exhibited similar 
behaviour. Initially, weak cyclicity was observed with a 
frequency of approximately 12 hours (as earlier shown in 
fig. 7.2) The interruption of the air supply ocurred 
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during a prolonged bout of activity that was immediately 
curtailed, and a period ensued with no locomotor activity 
whatsoever from the flounders. Twelve hours later, some 
sporadic activity (500-600 s%h-1,27.7- 33.3 %) was 
observed. Approximately 21 hours after the failure of the 
pump, intense but discontinuous activity commenced. The 
maximum level of activity at this time was comparable with 
the maximum levels observed during periods of aeration 
(1750 s%h-1 or 97.2%), but the duration increased 
dramatically, with peaks of activity concatenated into an 
apparently random 36 hour stretch (fig 7.13). 
The interpretation of observations of increased 
locomotory activity in response to hypoxia is problematic, 
as with the effects of contaminated sediments. The 
behaviour may be either a contained kinetic avoidance 
reaction or hyperactivity due to a behavioural 
disfunction. Furthermore, the increased activity may not 
be due to hypoxia directly, but to a secondary effect such 
as the release of heavy metals from sediments with the 
increase of redox potential. Low oxygen tensions have been 
shown to exacerbate the toxic effects of several 
pollutants, as well as reduce the salinity tolerance of 
some species. 
Another secondary effect of aeration failure is a change 
in water flow. Tide and water flow are fundamental 
variables of the estuarine ecosystem, and there is reason 
to suppose that they may affect activity. Flounders are 
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thought to feed on the rising tide (Wheeler 1969), so 
water flow and pressure stimuli may well be triggers for 
certain behaviour types. The possibility that the observed 
changes in locomotor activity were due in part to changes 
in water flow cannot be discounted. 
Several authors have correlated locomotory activity with 
levels of dissolved oxygen. Feil (1989) found that 
locomotory activity of juvenile Dover sole (Solea soles) 
was substantially increased in response to reducing the 
oxygen saturation from 100 to 58 %. He postulated that 
this was an avoidance behaviour aimed at moving the fish 
into water of more suitable quality. 
Considerable interspecific variation exists in the level 
of hypoxia required to initiate a response. Steffensen et 
al. (1982) investigated the effects of graded hypoxia on 
flounders and plaice. Flounders were observed to behave as 
oxygen regulators, progressively increasing gill 
ventilation in response to reduction in oxygen tension 
from 140 to 59 mm Hg. Plaice, conversely, behaved as 
conformists. The haemoglobin of flounders has a higher 
oxygen affinity than plaice (Weber & Dewilde 1975), which 
may explain the difference in behaviour of these two 
species. The occurrence of P. flesus in waters with large 
diurnal oxygen fluctuations may be partially explained by 
these behavioural and physiological characteristics. 
This capacity of flounders to live in aerobically 
unstable environments has obvious advantages. Several 
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polluted estuaries in the U. K. support sizeable 
populations of flounder (e. g. the 'Thames and the Mersey), 
despite water quality problems. As previously mentioned, 
probably the most serious water quality problem in the 
Thames is recurrent hypoxic events (see section 1.3.2.1). 
The length of time fish can survive hypoxia is often 
related to the degree of oxygen depletion. Feil (1989) 
demonstrated this with juvenile S. solea, noting that prior 
to death the fish exhibited increased activity and tended 
to move towards the water surface. Similar responses have 
been observed for other species (Dandy 1970) and (Gee st 
al. 1978). Teleosts have been known to acclimatise to 
hypoxic conditions by increasing the number of 
erythrocytes in the blood. 
The time course of the development of environmental 
hypoxia may also influence the reaction of the fish 
involved. (Hughes 1981). 
7.5. SUMMARY. 
Flounders posess a natural activity cycle that is 
approximately circadian, probably related to tidal period. 
This does not persist in the laboratory for more than a 
few days. When exposed to a cyclic light stimulus, the 
decay of this activity rhythm is accelerated. Flounders 
acclimatised in the dark then exposed to a light cycle 
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tend to be more active when illuminated. The most 
persistant and regular activity cycles were displayed by 
newly captured fish kept in the dark. 
Behavioural changes can be produced in the laboratory by 
exposing P. flesus to polluted sediments. Environmental 
hypoxia, possibly in conjunction with changes in water 
flow can also lead to changes in locomotor activity. In 
both cases, apparent hyperactivity results. 
The value of behavioural monitoring is not as a 
screening endpoint for chemicals, but as an indicator of 
less apparent sublethal effects of aquatic pollution. 
These techniques may prove useful in aquaculture, where 
the efficiency of energy conversion from food to muscle is 
important. Excessive and energy wasteful locomotor 
activity can be limited by careful water quality control. 
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8. GENERAL DISCUSSION: POLLUTION & P. fleaua IN THE THAMES. 
All aspects of the ecology of flounders in the Thames 
are influenced by environmental quality. Anthropogenic 
impacts may act directly or be mediated through 
interspecific relationships such as predation, parasitism 
and feeding. A summary of these interrelationships is 
shown in fig. 8.1. 
8.1. FISH DISEASE AND POLLUTION 
The most obvious potential direct effect of pollution is 
on fish disease. Despite a large body of circumstantial 
evidence concerning the detrimental effects of aquatic 
pollution on fish health, direct cause and effect 
relationships have as yet not been proven for many disease 
symptoms. 
A significant correlation exists between dietary 
condition and the intensity of epidermal ulceration (see 
section 6). Another significant correlation is found 
between condition factor and mean monthly dissolved oxygen 
minima. Environmental hypoxia due to storm runoff and 
organic enrichment may induce stresses that result in a 
reduction of condition. Weakened fish are then more 
susceptible to the challenge of the bacteria that are 
associated with epidermal ulcerations and lesions. 
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Increases in the intensity of ulcerations may facilitate 
the transmission of lymphocystis. In this sense, the 
intensity of epidermal ulcerations and the prevalence of 
lymphocystis disease in flounder from West Thurrock can be 
considered as pollution related symptoms. 
Rhodes et al. (1985) investigated the effects of 
cadmium, polychlorinated biphenyls and fuel oil on English 
sole Parophrys vetulus Girard in the western U. S. A. They 
discovered that exposure to cadmium (5µg CdC12/g body wt. ) 
resulted in a significant proportion of mortalities and 
hepatocellular necrosis. Malins et al. (1984a, 1987) 
demonstrated a positive correlation between sediment 
aromatic hydrocarbons and hepatic diseases in the same 
species. More than 80% of the bottom dwelling fish from 
some sites near Seattle had serious liver lesions, many 
containing free radicals (Malins et al. 1984b). The 
deleterious effects of free radicals in biological systems 
is well documented (Mason 1982). In Malins' investigation, 
the presence of unknown chemicals in the sediment 
prevented the establishment of a direct cause and effect 
relationship. 
Scale disorientation may be an indicator of some 
specific toxicants according to Overstreet (1988). Though 
generally rare, this condition is common in Biscayne Bay, 
Florida, where prevalences of up to 50% occur for some 
species. In this area this disorder is known as 
°Kandrashoff syndrome" after a local fisherman who 
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documented the increase of this condition. In many cases 
this type of damage has been associated with healed 
wounds, often caused by fishing nets. Biscayne Bay is 
extensively fished by boats from the Miami area, so the 
likelihood of net damage to fish is high. Gunther (1948) 
reported a similar condition in the red drum Sciaenops 
ocellatus L. He postulated a complex genetic aetiology, 
involving scale patterns, the vertebral column and 
muscular deformities. In any event, the linkage of this 
condition to chemical pollution is tenuous. 
Dethlefsen has conducted a prolonged study of dab 
Limanda limanda L. in the German Bight. He observed higher 
prevalences of hyperplastic epidermal papilloma near a 
titanium dioxide (TiO2) waste dumping site (Dethlefsen 
1980). After additionally investigating the effect of 
seasonal biological variables, he concluded that elevated 
disease prevalences were unlikely to be due to natural 
fluctuations. (Dethlefsen et a1.1987). 
Möller (1983,1984,1985) found that increasing disease 
prevalence in flounder from the Elbe and Weser estuaries 
was correlated with the pollution gradient. However, he 
proposed that the observed infection levels were 
determined by chemical and physical factors. Fish from 
areas experiencing the greatest fluctuations of 
temperature and salinity were more diseased than those 
from freshwater or marine environments. Further studies 
on the flounder population in the Elbe has revealed that 
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young fish arriving in the heavily polluted reaches 
downstream of' Hamburg develop pathological liver symptoms 
in a few months (Kohler & Höltzel 1980, Köhler at a1. 
1986, Köhler 1989). It was concluded that slowly 
metabolised contaminants induced hepato-toxic effects, 
including irreversible necroses. Changes in the physical 
environment were not considered to be important factors in 
the aetiology of disease, in contrast to Möller's views. 
Hepato-toxic effects similar to those observed in the 
Elbe have been reported from North American waters 
(notably Puget Sound) by McCain at al. (1977), Murchelano 
& Wolke (1985) and Murchelano (1990). 
Stegeman at al. (1988) while investigating aspects of 
cell mediated immunology observed that over 60% of fish 
from mesocosm basins dosed with diesel oil and 20 µg1-1 
copper developed epidermal ulcerations. Minchew & 
Yarborough (1977) associated fin rot in the striped mullet 
(Xugil cephalus L. ) with crude oil contamination of 
estuarine ponds. 
solangi & Overstreet (1982) demonstrated experimentally 
that exposure to whole crude oil or its water soluble 
fractions caused atrophy and necrosis of the pancreatic 
acinar tissue of the hogchoker Trinectes maculatus Bloch 
and Schneider and the inland silverside Xenidia beryllina 
cope. Hargis at al. observed ulcerations and severe fin 
rot in spot (L. xanthrus) kept over sediments from the 
estuary of the polluted Elizabeth river. 
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The pathologies most clearly linked to chemical 
pollutants are neoplastic changes. Neoplasia in fishes has 
been extensively reviewed by Harshbarger (1972), 
Mawdesley-Thomas (1972), Peters (1984) and Mix (1985). 
Overstreet (1988) suggests that neoplasms in fish have 
several advantages as pollution indicators. Different 
carcinogens require different exposure periods to induce 
tumors, so that neoplastic changes may indicate the 
presence of specific physico-chemical conditions. This 
view is supported by Hinton (1989) who suggests that 
observed neoplastic diseases in fish may also be linked to 
the concentration of promoter substances at specific sites 
acting on animals already exposed to carcinogens. 
A wide variety of xenobiotics in the marine environment 
have been identified as carcinogens and many of these have 
been detected in the tissues of bottom dwelling fish 
(Nicola et al. 1987). 
Halstead (1972) found cancerous lesions around the mouth 
of the Pacific Dover sole Xicrostomus pacificua Lockington 
and benign tumours in a variety of other marine species 
from industrially polluted sites in California. In Puget 
Sound, Washington, four flatfish species (Xippogioaaoidea 
elassodon Jordan & Gilbert, Glpptocephalus aachirua 
Lockington, Parophrys vetulus Girard and Psettichthys 
melanosticus Girard) were found to have surface tumors 
attributed to carcinogenic substances from petroleum and 
other industrial wastes. 
237 
Halstead also reports a 1969 study of English sole 
(P. vetulus) in San Francisco Bay, when 12% of the fish 
suffered from neoplastic conditions. Up to 33 tumors per 
fish were observed. Varanasi et al. (1984)" stated that 
English sole from polluted environments exhibited high 
frequencies of liver neoplasms. A more recent study by 
Rhodes et al. (1987) found that site of capture was the 
most important factor in the distribution of hepatic 
neoplasms in English sole. The implication of Rhodes' 
study is that variation exists between polluted and non- 
polluted sites, though chemical data is needed to 
corroborate this. 
The lack of knowledge concerning the chemistry and 
synergistic effects of many xenobiotics may lead to 
considerable difficulties in identifying pathogenic 
substances, even when the composition of an effluent or 
sediment is known. 
Genotoxic effects of Puget Sound sediments from the 
vicinity of sewage outfalls and industrial inputs were 
demonstrated by Landolt & Kocan (1984). Cytotoxic effects 
of sediments from this area have also been demonstrated 
(see section 6.3.3.1. ). Stein et al. (1987) exposed 
English sole to urban estuarine sediment from Puget Sound 
with added 3H-benzo(a)pyrene and 14C-polychlorinated 
biphenyls. They observed an accumulation of potentially 
toxic metabolites of benzo(a]pyrene in the liver, though 
no subsequent histological examination was conducted to 
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determine the presence or absence of hepatomas. The 
concentration of xenobiotic metabolites in the bile of 
English sole was positively correlated with the occurrence 
of liver neoplasms by Malins at al. (1987). 
Genotoxic effects of benzo[a]pyrene on the blue gill 
sunfish Lepomis macrochirus Rafinesque were investigated 
by Shugart at al. (1987). Adducts were formed between the 
DNA of the liver, the haemoglobin of the erythrocytes and 
benzo(a]pyrene. However, the relationship between adduct 
formation and the generation of neoplasms in target tissue 
is not yet clear. 
Fish neoplasms have also been described from European 
waters. Johnstone (1925) described a variety of malignant 
tumors in British marine fish including sarcoma and 
angiosarcoma in plaice Pleuronectes platessa, and 
lymphosarcoma in flounder. This material was recently re- 
appraised (Heron at al. 1988) and Johnstone's diagnoses 
were corroborated. No relationship of neoplasia to water 
quality was investigated by Johnstone, but more recent 
studies have suggested that anthropogenic impacts in the 
North Sea may influence the prevalence of some tumors. 
Dethlefsen (1980,1984) investigated the prevalence of 
pseudobranchial tumors in cod. He recorded elevated 
prevalences of this condition in the central German Bight, 
whereas prevalences elsewhere in the North Sea were an 
order of magnitude lower. The German Bight receives a 
considerable input of potential carcinogens from Hamburg 
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and Bremen (from the Elbe and Weser rivers respectively) 
which could then play a role in the aetiology of 
pseudobranchial tumors. In 1988, the German bight received 
234,000 t of waste from the titanium dioxide industry 
alone (Dethlefsen 1988c). 
Neoplastic changes have also been related to pollution 
of freshwater systems. Harshbarger at al. (1984) found 
epidermal, hepatocellular and cholangiocellular carcinomas 
in brown bullheads (Ictalurus nebulosus LeSueur) from the 
polluted Black River in Ohio. 
Many of the established relationships of chemical 
contaminants to fish disease are concerned with the 
metabolism of xenobiotics. Oxidative metabolism, usually 
carried out by mono-oxygenases, is the initial phase of 
transformation of most lipophilic xenobiotics. These 
reactions are catalysed predominantly by the cytochrome P- 
450 family of haemo-proteins, which themselves may be 
regulated by the xenobiotics. Consequently, the bioassays 
most frequently attempted involve measurements of 
cytochrome P-450 Induction and EROD (Ethoxyresorufin 0-de- 
ethylase), AHH (aryl hydrocarbon hydroxylase) or MFO 
(mixed function oxygenase) activity. Techniques of this 
type are sensitive enough to detect effects that other 
toxicological tests cannot (Kinne ., 1984). 
Stegeman at al. (1988) correlated the levels of hepatic 
microsomal cytochrome P-450 and EROD activity in flounders 
with field pollution gradients from Landgesundfjord, 
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Norway. Both EROD and cytochrome P-450 appeared to be 
induced by environmental pollutants. Van Veld et al. 
(1988b) induced intestinal mono-oxygenase activity in 
Leiostomus xanthrus Lacepede, and found that the activity 
of inducible cytochrome P-450 was dependant on dietary PAH 
(polycyclic aromatic hydrocarbon) exposure. 
Spies et al. (1964a) measured the levels of hepatic MFO 
in the bothid flatfishes Citharichthys sordidus Girard and 
C. stigmaeus Jordan & Gilbert. They found that MFO was 
increased in contaminated environments and by ingestion of 
oil and PCB in the laboratory. Similar work by Addison & 
Edwards (1988) led them to conclude that hepatic mono- 
oxygenase activity could be used as an indicator of 
exposure to organic pollutants. Addison and Payne (1986) 
had previously suggested that MFO activity could be used 
as a monitor of petroleum pollution in the marine 
environment. 
Such techniques can be sensitive indicators of exposure 
to chemical pollutants. Thus, they are suitable for 
monitoring the ocurrence of xenobiotics (as proposed by 
Addison and Payne), though is questionable whether they 
can be used to indicate or assess the effects of such 
pollution on fish. 
Davies & Bell (1984) measured increased levels of 
hepatic AAS in cod Gadus morhua L. and haddock 
Xelanogrammus aegiefinus L. in the vicinity of North Sea 
oil platforms, and concluded that oil products were 
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bioavailable to the fish at these sites. 
Overnell & Abdullah (1988) found that metallothionein 
levels in P. flesus were higher in polluted areas of 
Landgesundfjord, indicating increased heavy metal 
detoxification activity. 
Some biochemical techniques have proved unsuitable for 
measuring pollution impact on fish. Van Veld & Lee (1988) 
measured the intestinal glutathione S-transferase activity 
in flounders from contaminated and reference sites in 
Norway. Glutathione S-transferase plays an important role 
in the detoxification and elimination of many xenobiotics 
and it was thought that pollution would induce increased 
activity of this enzyme group. However, the only 
significant data obtained in this investigation ran 
counter to the pollution gradient. 
Other types of physiological change can be induced by 
marine pollutants. Farmanfarmalan & Socci (1984) found 
that tissue levels of 20ppm HgC12 could inhibit the 
absorption of essential amino acids by up to 80% in marine 
teleosts. This concentration is considerably higher than 
that found in wild fish; Jensen (1982) and Jensen & Chong 
(1987) measured levels between 0.07 and 1.67 ppm Hg in 
P. flesus from the North and Baltic Seas, while Rickard & 
DulleY (1983) found 0.09 to 1.2 ppm Hg in P. flesus from 
the Thames. 
Riisg&rd & Hansen (1990) demonstrated experimentally 
that up to 75% of the mercury taken up by flounders is in 
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an inorganic form, due to ingestion of sediments with 
benthic prey items. Farmanfarmaian & Socci (op. cit. ) 
stated that inorganic compounds of mercury have a greater 
effect on nutrient absorption than methylmercury which is 
more usually the species of mercury accumulated in fish 
tissues (Clark 1989). This implies that the body burden of 
mercury required to inhibit amino acid absorption in 
flounders is less than the a0ppm quoted. It is possible 
that environmental levels of mercury in polluted sites may 
impair the normal absorption of nutrients by fish in some 
highly contaminated areas. 
Payne & Fancey (1989) investigated the immunosuppressive 
effects of PAH on the winter flounder (Pseudopleuronectes 
americanus Walbaum). Melanomacrophage centres, which are 
an integral part of the cellular immune system in fish, 
were reduced in individuals exposed to 25ppm total PAH or 
more. These results indicate that fish in heavily polluted 
areas, such as in the vicinity of oil platforms or some 
small harbours, may have an impaired immune response. 
Subcellular aspects of the relationship of pollution to 
fish disease are recieving a great deal of attention. The 
1988 Group of Experts on Environmental Pollution (GFEP) 
workshop concentrated on these techniques and some have 
been adopted as biomonitoring tools by the U. S. and 
Canadian governments (e. g Gould 1977, Stein et a1.1984a, 
1984b, Payne et al. 1988). However, controversy exists 
concerning the use of subcellular changes as disease 
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indicators. Many workers consider that enzyme induction by 
xenobiotics is a normal reaction by the immune system, 
thus not a disease (i. e. not truly indicative of "a 
demonstrable, negative deviation from the normal state of 
a given organism" Kinne, 1984). 
The percieved weakness of evidence establishing the 
pollution related aetiology of some fish diseases is often 
due to the statistical difficulty in demonstrating causal 
relationships. It is nonetheless widely acknowledged that 
stress induced by chemical and thermal pollution may 
render fish more susceptible to disease (Sindermann 1979, 
Wedemeyer & Goodyear 1984, Möller & Anders 1986, Vethaak 
1986, Dethlefsen 1988b). The burden of proof should lie 
with riparian users intending to discharge effluents. 
Consents could then be limited to those discharges shown 
not to cause environmental perturbation. 
Current pollution problems in the Thames are principally 
associated with organic enrichment, xenobiotics and heavy 
metals from industrial discharges. Contaminant 
concentrations generally increase seaward upstream of the 
estuarine mixing zone, reaching a maximum near London 
Bridge. Levels then decrease seaward, with some 
irregularities introduced through major inputs such as the 
Backton and Crossness sewage treatment works. Surveys of 
the disease prevalence of the flounder population from 
different reaches of the estuary have not been undertaken, 
and no direct correlation between pollution load and the 
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prevalence of external diseases has been demonstrated. 
Indirect effects of pollution on fish disease are more 
apparent. In the Thames, dissolved oxygen minima are 
correlated with decreased condition factor, which in turn 
is correlated with the intensity of epidermal ulcerations 
(see section 6.3). Open lesions serve as infection sites 
for FLDV (fish lymphocystis disease virus). Consequently, 
both these diseases may have a pollution related 
aetiology. 
Another infection route for FLDV may be the lesions 
caused by ectoparasites, though as yet no experimental 
studies have succeded in demonstrating lymphocystis 
transmission by or with metazoan parasites (Wolf 1984). 
Newell et al. (1979) observed that infestations by the 
caligid copepod Lepeophtheirus pectoralis were higher at a 
polluted site (Calais) than at a clean one (Brixham). Thus 
infections by L. pectoraiis might also result in increases 
in lymphocystis prevalence in flounders from polluted 
areas. 
There are two potential knock-on effects of increased 
pollution and disease levels. The first and most obvious 
of these is increased mortality. This has obvious 
implications for population dynamics such as reduced 
breeding stock and lower recruitment. Population changes 
may also affect prey organisms and major predators. 
The second effect is the possible inducement of 
behavioural changes. 
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8.2. POLLUTION AND FISH BEHAVIOUR. 
Behavioural changes are induced by a variety of chemical 
pollutants that are present in the Thames estuary, 
including copper, lead, halogenated benzenes, DDT, 
phenols, ketones and alcohols. This aspect of pollution 
ecology has received little attention, and the synergistic 
effects of the constituents of the various effluents 
entering the estuary have not been adequately assessed. 
Contaminated sediment from the Thames estuary has been 
shown to measurably increase the activity of P. flesus in 
the laboratory (see section 7), but the causative agents 
and their mode of action have not been identified. The 
difference in observed response suggests that increased 
activity of flounders exposed to contaminated sediment is 
a different effect from the hyperactivity resulting from 
exposure to single xenobiotics. Experimental studies with 
single chemicals usually result in a greater increase in 
activity, but with a lag of several days between exposure 
and reaction (e. g. Bengtsson & Larsson 1981). It is likely 
that an avoidance response was initiated by exposure to 
polluted sediment. The confines of the aquarium prevented 
successful avoidance, resulting in exaggerated swimming 
activity. 
Another cause of increased swimming activity is 
respiratory distress. The response to hypoxia appears 
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similar in nature to that induced by contaminated 
sediments. It has been suggested that the increased 
activity may not be due to hypoxia directly, but could be 
the result of a secondary effect such as the release of 
heavy metals from the sediment with the increase of redox 
potential. This may not be a significant effect if the 
sediment does not contain a high metal burden. However, 
low oxygen tensions have been shown to exacerbate the 
toxic effects of several pollutants (Hughes 1981). Another 
secondary effect of aeration failure during experimental 
procedures is a change in water flow. Tide and water flow 
are fundamental variables of the estuarine ecosystem. The 
possibility that the changes in locomotor activity 
observed in this study were due in part to changes in 
water flow must be considered. Flounders are thought to 
feed on the rising tide, so water flow and pressure 
stimuli may well be triggers for such behaviour types. 
Studies on behavioural changes have generally been 
limited to experiments with specific chemicals (e. g. 
Hengtsson & Larsson 1981, Ellgaard & Rudner 1982, Ellgaard 
& Guillot 1988). Consequently, the frequency and 
significance of behavioural changes in nature remain 
poorly understood. 
Certain implications of pollution induced changes are 
clear. Any increase in locomotor activity requires 
additional energy expenditure due to the increase in 
metabolism. If this is not accompanied by a concomitant 
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increase in food intake, a reduction of condition factor 
will occur. As previously stated, poor condition may be 
related to the intensity of epidermal ulcerations in 
flounders from West Thurrock. 
8.3. SOME ECOLOGICAL EFFECTS OF POLLUTION. 
The effect of pollution on invertebrates is also 
directly relevant to the ecology of P. flesus in the 
Thames. The general reduction in diversity of 
macroinvertebrate fauna due to pollution has obvious 
consequences for fish feeding on organisms that undergo a 
population decline. Even though the biomass of certain 
taxes (such as annelids) may increase in polluted 
environments (Pearson & Rosenberg 1978, Schwinghammer 
1988), flounders do not necessarily prey on the most 
abundant species; Nereis diversicolor is the most 
abundant member of the benthos in terms of biomass at West 
Thurrock, but does not figure in the diet of P. flesus. The 
principal prey of flounders at West Thurrock are 
intertidal and shallow subtidal invertebrates, though 
small fish are also eaten. Energy efficiency possibly 
influences prey choice, with crustaceans being taken more 
often than less calorific polychaetes and molluscs. The 
reduction of crustacean fauna in polluted conditions is 
particularly important, due to their higher calorific 
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content (Dauvin & Joncourt 1989) and relative dominance in 
the diet compared to annelids. 
Starvation and poor dietary condition probably render 
fish more susceptible to the challenge of potential 
pathogens and may lead to an increase in the intensity of 
epidermal ulcerations. Recruitment may also be affected by 
dietary condition, due to the selective mortality of new 
recruits with low energy reserves. 
Both intraspecific and interspecific competition 
probably play roles in the partition of food resources in 
the estuary. 
it is likely that 0-group flounders exhibit a slightly 
different feeding ecology than older fish. Their smaller 
gape requires them to feed on smaller organisms than adult 
flounders. By preying on small invertebrates such as 
mysids, less time is spent feeding on intertidal benthos. 
This may reduce intraspecific competition and also prevent 
new recruits being preyed upon by larger P. flesus and 
other piscivores. 
Pollution may reduce the numbers of predators as well 
as prey. If predation pressure is lessened, the a 
potentially important population regulation mechanism is 
impaired. A large flounder population may lead to 
excessive intraspecific competition and a reduction in 
mean dietary condition. This is in turn may result in a 
population with a high susceptibility to disease as well 
as the potential for rapid pathogen transfer due to 
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crowding. 
Not only is the macroinvertebrate community a source of 
food, but the activity of benthos also affects the 
distribution and speciation of pollutants (Cross & Sunda 
1978) which then may be taken up by fish either directly 
or in their food. It is therefore difficult to predict the 
ultimate effects of estuarine pollution on benthic 
communities and the ichthyofauna that exploits them. 
8.4. POLLUTION AND PARASITISM. 
Two other invertebrate communities closely associated 
with P. flesus are the ectoparasitic and endoparasitic 
assemblages. 
Three ectoparasite and at least four endoparasite 
species were found parasitising flounders from west 
Thurrock. The number of anisakid nematode species could 
not be determined due to difficulties in identification 
and confused taxonomy. Generally, a relationship between 
fish length and parasite burden exists, smaller (i. e. 
younger) flounders having fewer parasites and being less 
often infected. This may be related to the surface area 
available for ectoparasitic settlement and attachment. 
Furthermore, juvenile flounders are exposed to the 
infective stages of endoparasites less often than adults. 
No clear relationship between disease and parasitic 
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infection was established, though the small abrasions 
caused by the copepod Lepeophtheirus pectoralis may 
facilitate infection by fish lymphocystis virus. 
The mean prevalence of infection by all ectoparasite 
species identified is lower in the Thames than in the 
Medway (see section 5.1). This may be due to the parasites 
approaching the limits of their salinity tolerance in the 
area near West Thurrock. 
An example of pollution stress affecting the prevalence 
of fish parasites is given by Overstreet (1988). The 
infections of Atlantic croaker (IfIcropogonias undulatus 
L. ) by the acanthocephalan Dollfusentis chandleri in 
Mississippi Sound were lower in heavily polluted areas. He 
suggested that this was a reflection of the low 
availability of amphipods acting as the intermediate hosts 
as opposed to increased parasite mortality. 
Möller (1987) postulates that ectoparasites are 
probably more affected by pollutants than their hosts. 
This viewpoint is largely based on certain practices in 
aquaculture, such as dosing water with up to 1.5mgl-1 
CUSO4 to remove ciliates, monogeneans and leeches from 
fish. Mbller's conclusion is debatable, however, as copper 
concentrations one tenth of this may promote epidermal 
ulcers on flatfish (Stegeman et al. 1988). 
Newell et al. (1979) observed that Lepeophthsirus 
pectoralis infestations of four flatfish species 
(p. flesus, Limanda limanda, Pieuronectes platessa and 
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Solea solea) in the English Channel were higher at a 
polluted site (Calais) than at a clean one (Brixham). No 
significance was attached to this observation by the 
authors, as they considered it unlikely that increased 
parasite numbers would be due to discharges of industrial 
effluents. This observation is of particular interest, as 
L. pectoralis infections may be related to the transmission 
of lymphocystis in flounders from West Thurrock. 
Pollution has been observed to affect the susceptibility 
of fish to parasitic infection. Skinner (1981) found that 
Gerres cinerus Walbaum, Lutjanus griseus L. and 
Strongylura timucu Walbaum from southwestern Biscayne Bay, 
Florida, had heavy infestations of monogenean parasites on 
their gills. Infected fish exhibited excessive mucous 
secretion, epithelial hyperplasia, fused lamellae, 
deformed filaments and aneurysms. In the less polluted 
southeastern area of the bay, the infection intensity was 
markedly reduced. Skinner concluded that the pollutants 
served as additional stressors for the fish, thereby 
reducing their resistance to monogenean infestations. 
Overstreet (1988) described infections by Myxobolus 
lintoni, a histozoic myxosporidian in populations of 
Cyprinodon variegatus Lacepede. Infections only occurred 
abundantly in isolated stressed stocks. He also correlated 
the gradual increase of epizootics of lymphocystis in 
Atlantic croakers since 1966 to the increasing 
industrialisation of the Mississippi estuary. 
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Pollution can either increase or decrease parasitic 
infections. The former effect may be due to pollutant 
stress on the host, the latter to stress on intermediate 
hosts. The endoparasitic fauna of P. flesus from West 
Thurrock appears somewhat impoverished, particularly with 
respect to digenean trematodes. It remains to be 
determined whether this is due to natural physical 
variables such as salinity, or to anthropogenic impact on 
the estuarine ecosystem. 
The interpretation of some of the data obtained during 
the course of this study was based on population sub- 
samples with no attempt to separate by year class. This 
allows changes in parameters to be followed through the 
population as a whole. However, as the relationship of 
fish length to several parameters such as parasite burden, 
disease prevalence and dietary condition factor have been 
shown to be age related, this procedure can mask the 
contribution of different age groups to the overall 
results. 
If size classes were analysed separately, then any 
fluctuations of the parameter under consideration could be 
directly attributed to external factors and would not be 
influenced by changes in population structure. 
The most important cohort to examine separately is the 
0-group. This consists of largely disease and parasite 
free individuals, and consequently their appearance in the 
estuary in summer substantially reduces the overall 
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parasite burden and disease prevalence of P. flesus at West 
Thurrock. This effect may be circumvented by separately 
considering the larger (i. e. older) fish. Any observed 
changes will be attributable to physico-chemical changes 
in the environment or to changes in host-parasite or host- 
pathogen relationships, thus augmenting our understanding 
of the dynamics of these processes. 
The examination of whole population trends is 
nonetheless important. A significant proportion of 
biomonitoring data is obtained from unsorted samples, and 
an appreciation of overall changes in parasitism and 
disease prevalence in a population remains useful to make 
valid comparisons. 
In future work of this type it is considered advisable 
to analyse separate size-group data in addition to the 
undivided sample in order to maximise the information 
obtained. 
8.5 SUMMARY. 
It is clear that pollution affects many aspects of the 
ecology of P. flesus in the Thames estuary. It is, however, 
difficult to assess the degree to which the ecology of 
this species is changed in a polluted environment. Not 
only is it apparent that a considerable variation exists 
throughout the wide geographical range of this species 
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(for example the feeding ecology of flounders from the 
outer and inner Thames), but no comprehensive studies of 
flounder populations in unpolluted estuaries exist. 
Further work is necessary to provide additional data in 
order to strengthen the statistical validity of the 
correlation between ulcerations and condition factor of 
P. flesus. The scarcity of individual fish with very high 
values of Fulton's K, as well as those with numerous 
epidermal lesions requires that interpretations of the 
available data be treated with caution. 
More detailed studies on the sublethal effects of 
xenobiotics and heavy metals would increase our 
understanding of the effect of environmental pollution and 
the implications this might have on population dynamics, 
disease levels and parasitism. 
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APPENDIX 1. 
POPULATION STRUCTURE OF P. flesus FROM WEST THURROCK. 
(Figures are % of population contained within each 5cm size 
class). 
Median lenghth (cm) 
2.5 7.5 12.5 17.5 22.5 27.5 32.5 37.5 
Month: 
NOV 86 10.3 34.5 31 13.8 8.6 1.7 
DEC 86 12.3 20.8 46.2 12.3 7.7 0.7 
JAN 87 
FEB 87 20.5 30.8 28.2 12.8 7.7 
MAR 87 
APR 87 18.5 33.5 45.8 1.1 1.1 
MAY 87 1.5 16 51.3 16.3 37.5 1.1 0.3 
JUN 87 10.1 31.7 31.2 8 3.5 0.5 
JUL 87 4.4 16.5 37.1 31.5 9.3 1.2 
AUG 87 1.6 27.7 33.2 27.7 9.2 0.6 
SEP 87 1 38.7 30.5 22.3 6.7 0.5 0.3 
OCT 87 18 23 33.8 22.2 2.7 1.3 
NOV 87 14.6 24.3 40.7 20.4 1 
DEC 87 24.4 15.6 26.7 22.2 8.9 2.2 
JAN 88 32.4 21.6 24.3 19 2.7 
FEB 88 9.4 24.7 32.9 32.7 2.3 
MAR 88 9 11.2 39.3 30.4 10.1 
APR 88 4.5 28.4 49.5 20.9 6 0.7 
MAY 88 8.9 48 27.3 15.5 1.3 
JUN 88 0.3 1.1 56.5 27.4 13.2 0.9 0.6 
JUL 88 16.3 49.9 22.1 13.8 5.8 2.6 0.5 
AUG 88 4.7 42.1 30.8 13.1 6.5 2.8 
SEP 88 2 66.7 9.8 13.7 7.8 
OCT 88 17.7 25.6 33.6 14.2 8 0.9 
NOV 88 
DEC 88 7 16.3 48.8 20.9 7 
JAN 89 33.3 25 16.7 16.7 8.3 
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APPENDIX 1. (Cont. ) 
POPULATION STRUCTURE OF P. flesus FROM WEST THURROCK. 
- Median lenghth (cm) 
2.5 7.5 12.5 17.5 22.5 27.5 32.5 37.5 
Month: 
FEB 89 7.2 26.1 30.5 22.7 11.6 2.9 
MAR 89 6.5 32.2 32.2 22.6 6.5 
APR 89 1.5 24.6 44.9 18.8 8.7 1.5 
MAY 89 54.8 30.6 8 2.6 
JUN 89 10 43.3 40 6.7 
JUL 89 
AUG 89 
SEP 89 
OCT 89 45.1 9.7 32.3 3.2 9.7 
NOV 89 22.2 11.1 44.4 11.1 11.1 
DEC 89 
JAN 90 16.7 33.3 50 
FEB 90 
MAR 90 11.1 38.9 30.6 11.1 8.3 
APR 90 
MAY 90 
JUN 90 
JUL 90 12.7 58.2 5.5 14.5 3.6 
AUG 90 75 8.3 8.3 8.3 
SEP 90 55.1 13.1 8.6 13.1 13.1 
OCT 90 11 16.7 27.8 27.8 16.7 
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APPENDIX 2. 
LIPID CONTENT (%) OF JUVENILE 
OCT 87 
NOV 87 
DEC 87 
JAN Be 
FEB 88 
MAR 88 
APR 88 
MAY 88 
JUN 88 
JUL 88 
AUG 88 
SEP 88 
OCT 88 
NOV 88 
DEC 88 
JAN 89 
FEB 89 
MAR 89 
APR 89 
MAY 89 
JUN 89 
JUL 89 
AUG 89 
OCT 89 
NOV 89 
JAN 90 
FEB 90 
LIAR 90 
MAY 90 
JUN 90 
JUL 90 
AUG 90 
ORP 90 
OCT 90 
4.9 
7.2 
18.2 
13.3 
11.7 
20 
10.6 
11.5 
4.9 
8.7 
16.6 
17.7 
26.2 
20.2 
9.0 
8.5 
8 
18.6 
12 
13.9 
16.7 
11.1 7.4 2.8 7.7 10.5 12.2 19.2 9.3 10.3 15 17.9 26.3 23.8 15.1 15.8 14.2 19_r - 
2.3 2.9 
j. 3 4.1 2.9 41 13.1 8.4 M83.4 
9.8 i:!: 54 3 
.2 
46.5 4.6 3.6 45 
. 
4.7 5.9 3.6 
.9 
65 
5.5 3Z 9 
4.4 6.1 
.4 38 
16.7 1iýg 11.2 10.4 
8 07 15.7 5.4 3.8 
13.5 19.2 7 
14.3 9.9 9.7 
10.1 5.3 4.5 .9 11.8 22.6 5.8 6.6 23.9 17.9 15 15.9 18.4 21.5 21.1 6 12.8 12.8 18.6 
17 13.4 3.75 
19 5.4 16 
14.8 19.7 18.3 
$. 6 19.2 20.9 
3.2 3.8 5.12.3 7.2 9.7 
16.8 16.9 17.6 
6'3 4 9.6 5.7 
3.6 2.6 
68 3259 18.9 
4.9 4.3 5.8 2.3 3.7 7.1 2.8 3.1 
5.2 3.2 3.2 4 4.3 
8.9 7.5 8.2 
3.4 4.6 3.4.9 5 3'9 4.1 
4.4 4.6 8.3 
3.8 5.6 6 
2.9 3.3 
.63.3 
4.7 6.7 4.6 4 9.8 5.6 4.9 
.ý5.3 
5.7 22.2 6.6 7 1g. 8 11.8 11.8 7.2 9.1 15.9 20.1 19.7 
17.6 12'2 9.8 
8.9 10.7 
9 
10 13.5 11.2 12 6 
23'2 11.6 9.8 
7.9 13.2 
5 
2.9 4.6 9.6 947 10.3 
15,4 12.3 
8.6 
4.9 6.3 67.5 .4 
11.6 12.9 ls, l 
4.2 13.2 
.12.9 
8'7 8.5 7.7 47.3 .93.5 
36 11.1 4.1 6.9 
4.5 4.2 3.7 65 4.7 6 
7.1 5.8 4.6 4.9 5.3 
7.2 
316.2 8.9 7.1 5.2 66.7 .3 71 5.8 
8.1 6.3 
6'4 6.2 
6_a 
FLOUIrDIMs FROM W. THURROCK 
. --ý o. ö 8.9 9.5 8.3 8.7 12.2 17.2 11.9 11.3 17.1 20.1 19.1 16.9 14.2 13.9 11 14.6 6.7 6.1 
IT 8.2 
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AppENDIX -2. 
LIPID CONTENT (%) OF JUVENILE FLOUNDERS FROM N. THURROCK. 
()CT 87 6.8 8 4.3 2.3 3.3 8.7 
NOV 87 10.1 8.2 12.5 
DEC 87 20.4 14.1 13.8 15.3 7 5.7 5.7 
JAN 88 10.8 19 19.7 20.4 16.5 19.7 14.8 
ggg 88 18.2 12.2 12.7 16.8 21.4 17.1 
SM 88 13.2 8.9 16 16.1 16.2 
APR 88 9.4 9.8 11.2 21.2 14.3 
MAY Be 7.1 4.1 6.2 3.9 3.6 3.8 4.7 2.9 
JUN 88 10.5 5.8 4.4 3.5 2.6 5.8 9.6 1.11 
JUL 88 7.1 3.9 5.8 4.2 8.7 5.5 6.6 3.5 
AUG 88 6.7 2.2 9.1 10.8 9.6 12.1 5.8 6.4 
ggp Be 4.4 4.1 3.3 3.9 2.5 4.1 4.9 3.2 
OCT 88 3.9 5.8 19 6.2 3.3 5.1 5.6 3.2 
NOV 88 9.3 4.9 3 10.2 8.9 7.7 7.8 6.8 
DEC 88 9.9 10.7 11.9 13.7 15.3 
JAN 89 21 19.2 18.3 17.6 17.5 
FEB 89 20.1 20.4 16.8 15.9 
PfAR 89 14.5 13.7 15.9 17.4 18.6 17.4 19 17.9 
APR 89 4 3.2 3.5 3.5 3.8 3.9 
MAY 89 3.7 3.8 4.7 8.6 6 3.2 4.2 3.5 
JUN 89 3.9 3 3.3 4.1 4.9 4.7 3.9 4.2 
JUL 89 4.6 4.1 3.2 4.9 4.2 6.8 3.2 5.7 
AUG 89 5.1 5.6 5.2 5.3 4.9.45 3.9 4.1 5.3 
OCT 89 5.2 10.1 5.1 4.6 5.3 4.9 6.2 4.6 
NOV 89 4.1 7.3 6.6 8.4 4.9 5.4 6.3 15 
JAN 90 11.1 10.6 10.7 13.3 13.2 14.1 14.6 
FEB 90 12 14.6 16.3 17.1 14.8 12.5 16.2 15.1 
MAR 90 19 19.6 9.4 12.9 13.3 13.1 11.5 10.8 
MAY 90 6.1 7.6 4.9 6.3 6 5.8 17.6 11.1 
JUN 9O 2.5 9.5 5.2 5.1 6.5 4.6 6.7 7 
JUL 90 6.1 5.9 6.3 6.7 7.8 9.4 6.6 5.8 
AUG 90 6.7 8.2 5.9 6 6.3 6.7 7.1 7.6 
ggp 90 5.4 5.5 5.3 6.3 6.7 8 4.9 9.1 
OCT 90 6.6 5.5 5.8 14.8 7.1 7.3 6.8 5.3 
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APPENDIX 2. 
LIPID CONTENT (%) OF JUVENILE FLOUNDERS 
87 OCT 
FROM W . TH BR OCK. 
NOV 87 
DEC 87 
JAN 88 
FEB 88 
MAR Be 
APR 88 
MAY 88 3.4 
.9 3 7 JUN 88 
JUL 88 
3.6 
11 
5.8 
3 
. 7.2 .5 4.5 
4.4 
9 7 
4.1 2.5 3 1 
AUG 88 . 
8.1 
6.7 6 6 
6.5 7.7 . 6.7 
4.3 
7 7 
8.2 6. 3 
SEP 88 3.9 . 4.8 
5.9 
4 7 
6.7 6.4 . 7.5 
9.8 
7 9 
11.1 
O88 OCT C 4.2 . 4 8 
5.8 5.2 4.1 . 5 3 
8.1 8.1 
NOV 88 7.3 8.1 . 8 3 
3.3 4.6 4.1 . 3 9 
4.3 
DEC Be . 7.4 5.7 5.1 . 6 7 
4.8 
JAN 89 . 
FED 89 
im 89 
A PR 
16.2 18.5 18.8 17.8 16 9 
89 MAY 3.9 5 1 
. 18.4 17.7 18.6 
JUN 89 4.1 . 4.3 
4 
6 4 JUL 89 
AUG 89 
5.8 
4 7 
4.3 . 4.5 .5 
4.8 
5.8 
5.7 
6 6 
4.3 5 4.8 
OCT 89 . 5.1 
3.5 
5.2 
5.1 
5 
4 . 4.1 
6.2 
4 6 
4.6 5.2 
NOV 89 4.8 5 2 4.9 4.8 . 
5.1 3.6 
90 AN J . 4.7 5.6 5.2 4.7 5 3 90 FZB 16.3 17.2 16 6 
. 6.2 
MAR 90 13.7 8.9 . 14.9 17.8 
MAY 90 4.3 3.9 4 9 JUN 90 7.3 7.6 . 5 
8.9 13.6 
JUL 90 
AUG 90 
5.7 
8 
4.8 3.9 
4.9 
8.5 
4 
6 8 
5 8. 5.3 3.8 
SEP 90 6.3 
6 .3 5 
8.3 6.7 . 6.9 
2 2 7. 6.9 
OCT 90 10.7 
7. g 7.2 7.4 6.3 
6 
.2 8.4 6.7 6.3 
6.7 
6 1 
7 
. 6.9 
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APPENDIX 2. 
LIPID CONTENT (%) OF JUVENILE FLOUNDERS FROM W. THURROC K OCT 87 . 
I(ov 87 
DEC 87 
JAN 88 
FEB 88 
MAR 88 
APR 88 
MAY 88 
JUN 88 
3.6 2.4 1.9 18 7 
JUL 88 
5 
10.2 
4.2 
10.8 
4.4 
7 
. 5.6 
AUG 88 9.2 7.4 6 3 
5.8 7.1 
s Be 5 4.7 . 3.8 
6.7 6.5 
5 2 OCT 88 . 
NOV 88 
DEC 88 
JAN 89 
FEB 89 
KAN 89 18.5 
APR 89 
MAY 89 
JUN 89 4.2 
JUL 89 
AUG 89 
4.2 
3 8 
4.5 4.7 4.9 
OCT 89 . 
4.1 4.4 4.7 
NOV 89 4.4 5.1 
JAN 90 
FEB 90 
MR 90 
MAY 90 
JUN 90 4.1 4.3 
90 J 6.6 7.1 7.4 7 90 AUG 6.3 
SEP 90 
OCT 90 6.9 
299 
APPENDIX 3. DISEASE PREVALENCE IN P. fleaus FROM WEST THURROCK. 
(All figures are given as percentage of individual 5cm size 
classes, to the nearest 0.1%). 
2.5 
Month: 
NOV 86 
DEC 86 
JAN 87 
FEB 87 
MAR 87 
APR 87 
MAY 87 
JUN 87 
JUL 87 
AUG 87 
SEP 87 
OCT 87 
NOV 87 
DEC 87 
JAN 88 
FEB 88 
MAR 88 
APR 88 
MAY 88 
JUN 88 
JUL 88 
AUG 88 
SEP 88 
OCT 88 
NOV 88 
DEC 88 
JAN 89 
FEB 89 
Median length (cm) 
7.5 12.5 17.5 22.5 27.5 32.5 37.5 
16.7 15 44.4 37.5 100 
6.3 22.2 21.7 18.8 70 100 
25 
2.4 
0.6 
6.7 
1.8 
1.4 0.6 
16.7 9.1 
6.3 12.2 50 
12.5 15.5 27.7 13.3 100 
11.1 6.1 50 42 100 
3.3 15.4 8.7 33.3 
3.6 13.8 13 33.3 
6.6 14.7 44.4 
10.9 22.5 26.4 50 33.3 
15 19.1 28.6 
25 40 
33.3 28.6 
4.8 25 7.4 100 
10 8.6 7.4 22.2 
5.3 14.5 10.7 50 
2.3 26.3 22.5 
3 8.7 19.6 33.3 
7.4 16.9 32 28.6 50 
3.1 14.3 42.9 33.3 
14.3 50 
13.8 25.8 15.4 25 
25 80 100 
12.5 33.3 
25.5 50 50 
11.1 4.8 20 12.5 
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APPENDIX 3. DISEASE PREVALENCE IN P. fiesus FROM WEST THURROCK. 
Median length (cm) 
2.5 7.5 12.5 17.5 22.5 
Month: 
MAR 89 20 10 28.6 
APR 89 6.4 15.4 
MAY 89 5.3 
JUN 89 
JUL 89 
AUG 89 
SEP 89 
OCT 89 10 
NOV 89 100 
DEC 89 
JAN 90 33.3 
FEB 90 
MAR 90 
APR 90 
MAY 90 
JUN 90 
JUL 90 
AUG 90 100 
SEP 90 
OCT 90 
27.5 32.5 37.5 
50 
100 
66.7 
33.3 
50 
20 
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APPENDIX 4. PREVALENCE OF ULCERATIONS IN P. flesus. 
(All figures are given as percentage of individual 5cm size 
classes. Figures in italics a re the percentage of the whole 
sample). 
Median length (cm) 
2.5 7.5 12.5 17.5 22.5 27.5 32.5 37.5 
Month: 
NOV 86 16.6 10 22.2 12.5 60 
1.7 3.4 6.9 1.7 5.2 
DEC 86 14.8 13.3 6.3 
3.1 6.2 0.8 
JAN 87 
FEB 87 
MAR 87 
APR 87 5 6.1 
1.7 2.8 
MAY 87 15.6 8.6 12.3 6.7 
1.5 5.3 2 0.3 
JUN 87 6.5 4.8 25 14.3 100 
3 1.5 2 0.5 0.5 
JUL 87 3.3 14.1 4.4 33.3 
1.2 4.4 0.4 0.4 
AUG 87 0.6 3.1 9 5.6 
0.2 1 2.6 0.5 
SEP 87 
OCT 87 5.5 15 15.1 33.3 
1.3 5 3.4 0.4 
NOV 87 16 19.1 23.8 
3.9 7.8 4.9 
DEC 87 25 10 
6.7 2.2 
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Appendix 4 (cont). 
Median length (cm) 
Month: 
2.5 7.5 12.5 17.5 22.5 27.5 32.5 37.5 
JAN 88" 11.1 14.3 
2.7 2.7 
FEB 88 4.8 21.4 50 
1.2 7.1 1.2 
MAR 88 10 8.6 7.4 
1.6 4.8 3.2 
APR 88 5.3 13 10.7 50 
1.5 5.2 2.2 3 
MAY 88 1.8 1.6 23.4 21.4 
0.2 2 5.5 3.3 
JUN 88 1.5 9.5 15.2 33.3 
0.9 2.6 2 0.9 
JUL 88 1.4 0.6 5.3 13.6 28 14 3 50 0.2 0.2 1.2 1.9 1.6 . 0.2 0.2 
AUG 88 3.1 42.9 
0.9 2.8 
SEP 88 25 
2 
OCT 88 13.7 15.8 12.5 11.1 
3.5 5.3 1.8 0.9 
NOV 88 
DEC 88 11.1 
2.3 
JAN 89 25 50 
8.3 8.3 
FEB 89 11.1 4.8 13.3 12.5 
2.9 1.5 2.9 1.5 
MAR 89 20 
6.5 
APR 89 3.2 7.7 33.3 
1.4 1.4 2.9 
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Appendix 4 (cont). 
Median length (cm) 
Month: 
2.5 7.5 12.5 17.5 22.5 27.5 32.5 37.5 
MAY 89 5.3 100 
1.6 1.6 
JUN 89 
JUL 89 
AUG 89 
SEP 89 
OCT 89 10 66.7 
3.2 6.5 
NOV 89 
DEC 89 
JAN 90 
FEB 90 
MAR 90 
APR 90 
MAY 90 
JUN 90 
JUL 90 
AUG 90 100 
8.3 
33.3 
8.3 
50 
1.8 
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Appendix 4 (cont). 
Median length (cm) 
2.5 7.5 12.5 17.5 22.5 27.5 32.5 37.5 
Month: 
SEP 90- 
OCT 90 20 
5.6 
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APPENDIX 5. PREVALENCE OF FIN ROT IN P. flesus. 
(All figures are given as percentage of individual 5cm size classes. Figures in italics are the percentage of the whole 
sample). 
Median length (cm) 
2.5 7.5 12.5 17.5 22.5 27.5 32.5 37.5 
Month: 
NOV 86 5 11.1 12.5 20 
8.6 3.5 1.7 1.7 
DEC 86 6.3 7.4 6.7 6.3 60 100 
0.8 1.5 3.1 0.8 4.6 0.8 
JAN 87 
FEB 87 8.3 9.1 
2.5 2.5 
MAR 87 
APR 87 6.1 
2.8 
MAY 87 1.6 6.9 18.5 6.7 
0.3 4.3 2.5 0.3 
JUN 87 1.1 1.6 12.5 20.6 
0.5 0.5 1 1 
JUL 87 1.3 4.4 
0.4 0.4 
AUG 87 1.2 0.5 4.8 5.4 
0.3 0.2 1.4 0.5 
SEP 87 
OCT 87 7.3 7.5 7.6 
1.7 2.5 1.7 
NOV 87 
DEC 87 33.3 
6.7 
50 
0.6 
25 
0.3 
33.3 
0.4 
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Appendix 5 (cont). 
Median length (cm) 
Month: 
2.5 7.5 12.5 17.5 22.5 27.5 32.5 37.5 
JAN 88 
FEB 88 
MAR 88 
APR 88 
MAY 88 
JUN 88 
JUL 88 
AUG 88 
SEP 88 
OCT 88 
NOV 88 
DEC 88 
JAN 89 
FEB 89 
MAR 89 
APR 89 
1 
0.6 
11.1 
2.7 
7.1 
2.4 
1.9 
0.7 
0.7 0.7 
0.2 0.2 
2.1 4.4 33.3 
0.6 0.6 0.9 
2.1 0.4 
0.5 0.2 
7.1 
0.9 
14.3 50 
2 3.9 
3.4 
0.9 
50 
1.2 
11.1 
0.9 
50 
8.3 
7.7 16.7 
1.4 1.4 
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Appendix 5 (cont). 
Median length (cm) 
Month: 
2.5 7.5 12.5 17.5 22.5 
MAY 89 - 
JUN 89 
JUL 89 
AUG 89 
SEP 89 
OCT 89 
NOV 89 
DEC 89 
JAN 90 
FEB 90 
MAR 90 
APR 90 
MAY 90 
JUN 90 
JUL 90 
AUG 90 
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100 
11.1 
27.5 32.5 37.5 
Appendix 5 (cont). 
Median length (cm) 
2.5 7.5 12.5 17.5 22.5 27.5 32.5 37.5 
Month: 
SEP 90" 
OCT 90 
a09 
APPENDIX 6. PREVALENCE OF LYMPHOCYSTIS IN P. flesus. 
(All figures are given as percentage of individual 5cm size classes. Figures in italics are the percentage of the whole 
sample). 
Median length (cm) 
2.5 7.5 12.5 17.5 22.5 27.5 32.5 37.5 
Month: 
NOV 86 5.6 12.5 20 
1.7 1.7 1.7 
DEC 86 1.7 6.3 10 
0.8 0.8 0.8 
JAN 87 
FEB 87 8.3 
2.5 
MAR 87 
APR 87 
MAY 87 
JUN 87 
JUL 87 
AUG 87 
I 
SEP 87 
OCT 87 1.3 
0.4 
NOV 87 6.7 
1 
DEC 87 
6.3 
0.5 
1.9 
0.4 
4.8 
1 
75 
0.8 
33.3 
0.2 
50 33.3 
0.8 0.4 
3 10 
Appendix 6 (cont). 
Median length (cm) 
Month: 
2.5 7.5 12.5 17.5 22.5 27.5 32.5 37.5 
JAN 88- 11.1 14.3 
2.7 2.7 
FEB 88 7.1 
2.4 
MAR 88 3.7 
1.6 
APR 88 
MAY 88 
JUN 88 
JUL 88 
AUG 88 
SEP 88 
OCT 88 
NOV 88 
DEC 88 
JAN 89 
FEB 89 
MAR 89 
APR 89 
0.7 
0.2 
2.2 
0.3 
1.7 
0.2 
5.3 
1.8 
1 
0.2 
14.3 
0.2 
33.3 
0.9 
11.1 33.3 
2.3 2.3 
6.7 
1.5 
10 28.6 
3.2 6.5 
3.2 
1.4 
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Appendix 6 (cont). 
Median length (cm) 
Month: 
2.5 7.5 12.5 
MAY 89 
JUN 89 
JUL 89 
AUG 89 
SEP 89 
OCT 89 
NOV 89 
DEC 89 
JAN 90 
FEB 90 
MAR 90 
APR 90 
MAY 90 
JUN 90 
JUL 90 
AUG 90 
17.5 22.5 27.5 32.5 37.5 
33.3 
3.2 
100 
11.1 
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Appendix 6 (cont). 
Median length (cm) 
Month: 
SEP 90 
OCT 90 
2.5 7.5 12.5 17.5 22.5 27.5 32.5 37.5 
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